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London Offices 5476 

14, Great Peter Street, Westminster, London, S.W.1! 


BROTHERHOOD 
STEAM 
TURBINES 
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5214 
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Registered Trade Mark 


MACHINE TOOLS 


EDWARD G. HERBERT Ltd., 
LEVENSHULME————- MANCHESTER, 19 
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DREDGERS| CRANES BARRY SPENCER-BONECOURT 





ALL TYPES GEORGE RUSSELL & CO., LTD 
FERGU sox, Tene (Port-G las w), LTD +E +E SSELL r i, f =f 
: -ORT-G LASGOW _— 5290 Motherwell. 4876 


REFRIGERATION 


FOR LAND & MARINE PURPOSES 
LIFTS ano ESCALATORS 


J. & E. HALL, LTD., — DARTFORD 
KENT. 


Telephone Dartford 3456, 
London Office: 10, Sv. SwirHin’s LANg, E.C.4. 
Telephone: MANSION HOUSE 9811. 
5492 


Non-Ferrous Metals and Alloys" 


THE DELTA METAL CO. LTD. 5043 


PULLEYS 
& GEARING 


BARRY, HENRY & COOK, LTD. 
ABERDEEN. 
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PIPEWORK ano COILS 


STEAM MAINS AND PROCESS 
PIPING FOR INDUSTRIAL AND 
CHEMICAL PLANT. 


SIMMONS & HAWKER LTD. 


POINT PLEASANT, WANDSWORTH, 
LONDON, 8.W.18 595 


BYFORDS 


CAN SAVE YOU MONEY! 
LET THEM REBUILD THAT MACHINE 
TOOL NOW 
AT 


WORKS, WEST 
STAFFS, 


GRICE ST. 


BROMWICH, 


Patent Waste Heat Boilers 


34/36, Farringdon Street, E.C.4. 4971 


WELDED 
PLANT 


FABRICATION IN MILD & STAINLESS STEEL 
HOMOGENEOUS LEAD LININGS. 
GREY IRON CASTINGS (12 TONS). 
MACHINING FACILITIES—20 FT. DIA. MAX. 


M. & W. GRAZEBROOK 


(EST. 1750) LTD. 


DUDLEY, Worcs. 
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LIGHTALLOYS L° 


FIRST 
QUALITY ae 
ALUMINIUM CASTINGS 


ALPAX WORKS, 8t. Leonard's Road, Willesden 
Junction, London, N.W.10. Telephone : Elgar 
7191-2-3-4.Tclegrams: “Lightalloys-Phone-London”’ 





PLATENS 
PLATENS 


PLATENS 


T. H. & J. DANIELS LTD. 


STROUD, GLOS, Phone: 661 /2/3. 
5003 


PLENTY 


& SON LTD., NEWBURY. 


MARINE ENGINEERS 
STEAM ENGINES 


TO 1500 T.HLP. 5258 
FOR ALL CLASSES OF VESSELS 


STERN GEARS 


FOR DIESEL MOTOR VESSELS AND 
COMPLETE INSTALLATIONS UNDERTAKEN, 


COX PATENT ROTARY 
DISPLACEMENT PUMP 


HEATING AND 
VENTILATING 


SCIENTIFICALLY PLANNED. 


Complete systems installed embodying the 
latest principles of space heating, ventilat- 
ing, dust and fume removal, high pressure 
hot water and steam systems for heating 
and process work. Also pipe systems for 
compressed air, gas and oil. 


Consult Us About Your Particular Requirements 
SAUNDERS & TAYLOR LTD. 
IMPERIAL BUILDINGS, 

13, OXFORD ROAD, MANCHESTER | 
51, BOROUGH HIGH ST., S.E.1 


RESEARCH 


ENGINEERS LTD 
FOR 


PROTOTYPES 


FOR DETAILS 
SEE FIRST CLASSIFIED PAGE 





SPRINGS 
BY RILEY 


TECHNICAL LEADERS 
SINCE 1821 


High-grade springs for —— con- 
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War Office and Air Ministry Lists. 


ROBERT RILEY LTD 


MILKSTONE _ SPRING WORKS, 
ROCHDALE Telephone 2237/8 (2 lines) 





FRICTION 
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PATENT DISC AND 
CENTRIFUGAL TYPES 
Satisfaction Guaranteed 
W. R. ANDERTON & CO. 


Clutch Specialists 


CASTLETON, ROCHDALE 
Tel.5854 Castleton ROCHDALE 
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Systematic high speed 
handling of materials in 
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THE STORY OF ATOMIC 
ENERGY. 
V.—THE DISCOVERY OF ATOMIC 
ENERGY. 
(Concluded from page 555.) 
By Dr. Freperiok Soppy, F.R.S.* 


Tue production of helium ftom radium was 
quickly verified by several workers commanding 
much larger quantities of radium. In particular, 
Giesel succeeded in obtaining a convincing photo- 





graph of the spectrum of the gas produced by 
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the charcoal-tube in liquid hydrogen, a direct proof 
that a trace of helium had been produced, since no 
other gas would have given this effect. 

In due course the production of helium was 
established experimentally for actinium, polonium 
and ionium by their respective discoverers, all at 
rates agreeing with their relative «-activities. By 
nieans of a special technique for the purpose, the 
writer by 1909 succeeded in extending this to the 
primary radio-elements, uranium and thorium, 
though here the calculated rate of production is 
only one-hundredth of a c.c. of helium per ton 
of the radio-element per year. By a similar tech- 
nique, Lord Rayleigh developed the method of 
determining the age of minerals from their uranium 
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Fie. 32. 


AND Royps. 


radium alongside those of helium and hydrogen for 
comparison. A very elegant confirmation by a 
totally distinct method was obtained by Sir James 
Dewar by the use of the radiometer of Crookes and 
his own method of producing high vacua by char- 
coal cooled in liquid-air. In these instruments, 
when air is the residual gas, he found the rotation 
completely stopped, even with the beam from an 
arc-lamp concentrated on the vanes, by immersing 
a charcoal side-tube in liquid-air, and when hydrogen 
is the residual gas by immersion in liquid hydrogen, 
but not by the latter when helium is the residual 

. When a little radium bromide was sealed up 
in the bulb, rotation at first was completely stopped 
by immersing the charcoal-tube in liquid-air, but 
after 15 hours rotation had become quite active 
again, and now was no longer affected by immersing 





* We have arranged with Dr. Soddy to publish his new 
book, The Story of Atomic Energy, in the form of a series of 
articles which will appear at fortnightly intervals 
approximately. Dr. Soddy, however, retains the copy- 
right; therefore no extract may be made from these 
articles without his permission.—Ep. E. 


SPEcTRUM OF RADON, BY RUTHERFORD 





hopelessly inadequate for the purpose. A large 
number of attempts were made, and, with each 
new radon spectrum-tube prepared, the first dis- 
charge revealed a new spectrum as @ momentary 
flash, which gave way to the usual hydrogen and 
carbon-dioxide spectrum always obtained from 
these tiny tubes on the verge of non-conductance. 
Later, the Vienna Academy of Science lent several 
hundred milligrams of radium each to Ramsay 
and to Rutherford, and both accomplished this. The 
latter, in conjunction with Royds, by means of a 
diffraction-grating spectroscope, succeeded in ob- 
taining the beautiful photograph of the spectrum 
of radon, shown in Fig. 32, in which the centra 
spectrum is that of radon, with that of helium 


Fic. 33. Tuspe Contarstna WILLEmMITE To SHow Errect oF Ravbon. 


Fic. 34. FLvoRESCENCE PRODUCED IN WILLEMITE BY RaDON. 





and/or thorium to helium ratio, already mentioned. 
In the hands of F. Paneth, this method has been 
found quite recently to be of special value in deter- 
mining the age of meteorites, in which, the quantity 
of helium being infinitesimal, leakage of it is negli- 
gible even during cosmical epochs. In this way, 
he has shown that meteorites have a similar range 
of age to those obtaining for terrestrial materials. 
Many fruitless attempts were made during the 
original work on this subject in 1903 to map the 
spectrum of the new argon-gas, radon, but the 
quantity of radium available, as now known, was 





Fie. 35. Apparatus TO SHow CoNDENSATION OF Rapon By Liqum Am. 


on each side of it for comparison. Even more than 
with its next homologue, xenon, in which the 
peculiarity is already very pronounced, radon 
spectrum-tubes have the baffling habit of “‘ running- 
out,” i.e., becoming non-conducting, under the 
discharge, and this accounts for the failure of the 
original attempts to map the spectrum. 

The following illustrations refer to striking lecture- 
experiments which can be readily shown in a dark- 
ened room with the radon from a few milligrams of 
radium. Fig. 33 is reproduced from a photograph 
of a tube containing willemite to show radon, 
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and Fig. 34 shows the same tube charged with 
radon photographed by its own fluorescent light; 
the glass walls shine faintly as well as the willemite. 
Fig. 35, on page 601, illustrates a lecture experiment 
to show the condensation of radon by liquid air. The 
connecting tubes may be of any length. In a 
darkened room, a puff of air from the rubber 
bellows displaces the radon into the U-tube, which 
shines brilliantly where the radon enters. On 
removing from the liquid air, as the U-tube warms 
up, the glow spreads to the rest of the willemite. 
If the glass flask on the right, which is painted 
internally with zine sulphide, is then connected, 
a puff of air will displace the radon and cause 
the flask to flash into visibility. The willemite 


quences. It is applicable in particular to the radio- 
active minerals, where, in consequence, all the 
successive members must exist in quantities pro- 
portional to their average periods of life, and, also 
where the same number of atoms of all the successive 
products, irrespective of quantity, must break up 
in the same time, and give the same number of rays, 
« or B, per second. . 
The direct estimate of the life-period of radium was 
got by comparing the relative quantities, and from 
these estimating the ratio of the number of atoms, 
of radium and radon in equilibrium, and multiplying 
the period of the latter by this ratio. In the same 
way, the period of uranium must be of the order of 
three million times that of radium because, as 
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Fic. 36. Diagram SHowrne Propvcrion or Rapium FRoM URANIUM. 








Fic. 37. Frask Contarnrne 3 Ka. or URANIUM 
(ELEMENT) aS URANYL-NITRATE SOLUTION. 


in the tubes, however, continues to be brilliantly 
luminous from the active deposit which the radon 
leaves behind. 


RaDIOactTIvE EQuinisrioum. 


Owing to the succession of products of radio- 
active changes themselves undergoing change, they 
cannot accumulate in quantity beyond the point 
where the rate of loss, which is proportional to the 
quantity accumulating, is balanced by the rate of 
supply, which is proportional to the quantity of their 
direct parent. This condition is called radioactive 





equilibrium and results in many interesting conse- 





does not decay completely with time, but leaves 
a small sensibly constant residue, some 3545;th 
of the initial activity. Rutherford, who worked 
out the first three rapid successive changes of the 
active deposit of radium, called the successive pro- 
ducts after the emanations by the letters A, B, C.... 
In the case of radium, radium D was found to be a 
body already discovered in pitchblende and known 
as radio-lead, from its chemical similarity with lead, 
which renders it impossible to separate it from the 
lead always present in all radioactive minerals. 
This RaD, in turn, gives Radium E, a f-ray giving 
a member with a life of only a few days. The Rak 
changes to Radium F, which is Mme. Curie’s polon- 
ium, the last radio-element in the main uranium 





Fie. 38. Rapon ELEcTroscore. 

















Fie. 39. Dracram or Rapon ELECTROSCOPE. 


already stated, that is the ratio in which the two 
elements co-exist in the mineral. This value is 
subject to a small correction, because of the minor 
independent uranium — actinium series, and the 
accepted value for the average period of uranium 
is 6-3 x 10° years, that of thorium being four 
times greater. Since the radioactive estimate of the 
age of the earth is only 1-8 x 10° years and, in that 
time, not a quarter of the uranium originally present, 
and much less of the thorium, will have disintegrated, 
there is no reason as yet to conclude that any con- 
comitant reproduction of these two elements is 
going on in the earth. 


THE PARENTS OF POLONIUM, ACTINIUM AND 
RaDIum. 

From the very first, however, it was obvious that 
polonium, actinium and radium must be reproduced 
in the minerals containing them, and this was ‘one 
of the first questions investigated. 

The origin of polonium was the first to be settled, 
and this case was worked out by Rutherford. In 
1903, M. and Mme. Curie had discovered that the 
active deposit of radium, unlike}the other two, 





series. Its average period is 202 days and that of 
radium D about 30 years. The latter gives an 
almost non-penetrating 8-radiation. 

The direct parent of radium is a new radio- 
element called ionium, discovered in 1907 by 
Boltwood, being separated from uranium minerals 
along with the thorium present, and undoubtedly 
originally by Debierne with actinium, but not 
recognised as a separate radio-element. The writer 
started experiments as early as 1903 to see whether a 
uranium preparation, scrupulously purified from 
radium, would grow it with lapse of time. If 
radium had been the direct product of uranium, 
he would have got a positive result in half-an-hour, 
but, owing to the intervention of ionium in the 
disintegration series, he had to wait for this a 
dozen years; for ionium has a period nearly 50 
times as long as radium, and so at first practically 
dams back the flow of radium, but at the same time 
causes the production of the latter to increase, 
like the distance traversed by a falling stone, 
proportionally to the square of the time. The 
measurements were carried on for thirty years and 
completely confirmed this theoretical law, the rate 
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of growth of radium giving also the average period | escapes into the air, so that any active deposit 


of ionium, to an accuracy of some 5 per cent., 
as 100,000 years. The diagram, Fig. 36, opposite, 
shows the production of radium from uranium. The 
measurements of the radium were made by means 
of the radon produced in the solutions and got into 
an airtight glass electroscope. The whole length 
of the vertical scale represents one millionth of a 
milligramme of radium. The lower horizontal 
scale is the time in years from the purification, and 
the upper scale is years squared. The lower curve, 
with open circles, shows the growth according to the 
time, and the upper straight line, the growth 
according to the square of the time. The measure- 
ment gave the product of the two average periods of 
radium and ionium to be about 240 million years 





Cm. 


squared. Fig. 37, opposite, shows the largest ura- 
nium preparation, containing 3 kg. of the element as 
uranyl nitrate, from which the result shown in Fig. 36 
was obtained. The concentrated solution is con- 
tained in a 5-litre flask, carrying a condenser to 
return most of the steam, immersed in its own water 
bath. The flask is entirely sealed up, except when 
the radon accumulating is being boiled out. Figs. 38 
and 39, opposite, show, respectively, a photograph 
and diagram of a radon electroscope. The electro- 
scope is a glass flask silvered internally, through a 
clear window in which the tip of the gold leaf is 
read by a reading microscope. <A leak of one divi- 
sion per minute may correspond with 2 x 10-4 
gram, i.e., one fifty-millionth of a milligramme, of 
radium, and the characteristic feature of the instru- 
ment is that the smaller the leak the more accurate 
it is, so that, with proper care, an increased leak of 
one-twentieth of a division per minute is significant. 

As regards actinium, Boltwood showed, from its 
proportionality with uranium in minerals, that it, like 
radium, must be a product of uranium, but in a 
minor branch or separate series from the main 
radium series, contributing but a few per cent. of 
the total radioactivity. The exact parentage, how- 
ever, remained uncertain until quite recently and is 
reverted to in Part XI. 


Braaa’s WorK ON THE NATURE OF ALPHA Rays. 


Apart from the obviously probable identity of the 
«-particle and the helium atom from the work already 
described, powerful and independent support for 
the disintegration theory came incidentally in 1904, 
from a very original and revealing study of the 
a-rays by Professor, afterwards, Sir William, Bragg, 
then in Adelaide, South Australia. Mme. Curie 
had observed that the ionising power of the «-rays 
of polonium ceased very abruptly after they had 
traversed a definite distance of air. This is a 
feature quite peculiar to the «-rays in general, as 
all other radiations peter out gradually. Bragg, 
later, with the assistance of Kleeman, investigated 
the a-rays of radium. It may first be explained 
that, in what follows, “fresh” radium refers to a 
compound freshly prepared by evaporation from 
solution. From the solution the radon generated 
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originally present decays completely in a few hours, 
and the fresh radium gives only the «-rays produced 
in its first change into radon. “ Ripe” radium, 
on the other hand, refers to a compound containing 
the equilibrium quantity of disintegration products. 
For compounds in which the radon is retained in 
the solid state, without serious loss, the process of 
ripening is complete in three weeks or a month when 
equilibrium is regained, and the «-rays are then four 
times as great as at the start, while the f- and y-rays 
have grown from zero to their maximum value. 

A flat surface, covered with a thin film of radium 
compound, beneath a superimposed “‘ canalising ” 
arrangement, or grid, some 2 cm. deep, to select 
the «-rays travelling normally to the surface, was 





Fig. 40. Braae’s IonisaTION-Rance CurvES FOR RaDIUM. 








Fie. 42. Apparatus SHOWING PRODUCTION OF 
HELIUM FROM Rapon. (RUTHERFORD AND 
Royps.) 


set up, and, from above, a very shallow ionising 
chamber, a millimetre or two deep, was brought 
down from a distarice on to the top of the grid, 
the ionisation due to the «-rays in a thin layer of 
air being measured at intervals, as the distance was 
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decreased. Outside 7 cm. there was no ionisation 
but at that point, using a ripe radium surface, a 
very sudden increase took place, reached a maximum 
at 6-3 cm., and then gradually decreased again to 
4-8cm. At this point, two more sudden increases 
followed close on one another, each equal to the 
first, reaching a maximum some three times the 
first at 3-7 cm., and again decreased to 3-4 cm., 
when a fourth similar increase took place up to 2-9 
em. and, after that, diminished again till the 
surface of the grid was reached at 2 cm. 

But for a fresh radium film, no ionisation occurred 
till 3-4cm. This reached its maximum at 2-9 cm. 
and again diminished as before, whereas, for the 
radium active deposit, ten minutes after being pre- 
pared from radon—in which time the short-lived 





Fia. 41. 


APPARATUS TO SHOW THE RANGE OF 
AvpHa-Rays. 


RaA decays completely, and the a-rays come 
entirely from RaC’—ionisation started at 7 cm., 
reached its maximum at 6-3, as for ripe radium, 
but now decreased from that point continuously to 
2cm. By studying the change from the fresh to 
the ripe condition in the course of the month, Bragg 
found that the ionisation curve changed gradually 
from the 25 per cent. «-activity originally, to the 
100 per cent. activity finally, by the three new types 
of «-rays gradually coming in together and growing 
to their maximum, the complex curve for the ripe 
radium being four separate, what are now always 
termed, ‘‘ Bragg curves,” superimposed on one 
another. They measured in this way what are now 
called the “ranges” of the four types of rays in 
air at normal temperature and pressure as approxi- 
mately 3-4 cm. for that from radium itself, 4-1 cm. 
for that from radon, 4-7 cm. for that from RaA, and 
7 cm. from that from RaC’. For the last, the 
a-ray is now known to come from a product of 
RaC, called RaC’, which changes too rapidly to be 
separately distinguishable. The diagram, Fig. 40, 
shows Bragg’s ionisation-range curves for radium. 
Curve A shows the single ray of lowest range emitted 
by radium itself, freed from its products, changing 
with the lapse of time, through the curves B, C and 
D to the final curve E after one month for “ripe ” 
radium, due to the three «-rays of longer range from 
radon, radium A and radium C’, coming in together 
and growing to the equilibrium value. The curve 
dabc represents the single curve for radium C’ 
giving the a-ray of longest range, and can be easily 
obtained by itself by examining the active deposit, 
after the short-lived radium A has all decayed. 
This research analysed the four «-ray-giving pro- 
ducts in ripe radium by the ranges of the several 
a-rays they emit. It was of the utmost importance 
in showing that all the «-particles emitted in any 
single change are homogeneous and travel with the 
same velocity. It is now known that the cube root 
of the range in centimetres of air at normal tem- 
perature and pressure, multiplied by 10°, gives, 
fairly closely, the velocity of the «-particle in centi- 
metres per second. Moreover, there is no differ- 
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ence between a fast and a slow a-particle, when the 
velocity of the first is reduced to that of the second 
by passage through sufficient thickness of air or 
other matter. The ionising power of the a-particle 
increases as its velocity diminishes, and ceases quite 
abruptly when the velocity is reduced to about two- 
thirds of that of RaC’, which accounts for the quite 
peculiar form of the Bragg ionisation curve. 

An apparatus used to show the definite range of 
a-rays is illustrated in Fig. 41, page 603. It consists 
of an inverted flask about 6 in. in diameter, coated 
over the hemisphere opposite the neck with zinc 
sulphide and carrying a central disc coated with 
radium or polonium. The air absorbs the a-rays 
and the flask does not glow in the dark until partly 
exhausted by an air pump, when it quite suddenly 
flashes into full luminosity and, on gradually re- 
admitting the air, as suddenly goes out. 

Sir William Bragg’s own conclusion was that 
the a-particles go clean through the atoms in their 
path, almost as though they were not there; each 
particle suffering at each encounter a slight loss of 
energy, but the number of particles in the beam 
remains unchanged. Later, the Wilson cloud-track 
chamber was to give ocular evidence for all to see 
of how well and truly he had thus early made a dis- 
covery that in a few short years was to alter the 
whole future history of the human race. 


Tue AtpHa-ParRTICLE Is A Rapiant HELIUM 
NvcLEvs. 


Meanwhile, Rutherford was perfecting his mea- 
surements of the electric and magnetic deviation of 
the a-rays, now no longer for the heterogeneous 
a-rays of radium, but for the four types severally, 
and for the other single types, taking the single type 
given by RaC’ as the standard. By that time it was 
becoming certain, from a variety of evidence, that 
what had been conventionally assumed from the 
start for simplicity was in fact the case. Each atom 
disintegrating gives either one a- or one £-particle 
in changing into the next new type of atom. Some- 
times, especially for the active deposits, the change 
appears to give both a- and £-particles, but that is 
due, as for RaC and RaC’, to the successive changes 
following too rapidly to be separately distinguish- 
able. For some of the active deposit products, the 
same atom can disintegrate in two different ways ; 
in the one the expulsion of the a-particle being 
followed, and in the other being preceded, by the 
expulsion of the £-particle. On the analogy before 
used, it is as though two destroying angels were at 
work on the same substance quite independently of 
each other, resulting in the series “ branching.” 
These complications lie outside further consideration 
here but are incorporated in the Chart of the Dis- 
placement Law given later. 

As regards the nature of the a-rays, it was not 
until 1909 that the work was finally consummated. 
Their initial velocity of expulsion varies for the 
different types from ;;th to z;th of the velocity of 


light. The ratio — is the same for all, and, with 


the more accurate measurements that had become 
possible, was shown to be almost exactly one-half 
that for the hydrogen ion. When methods of 
counting the individual «-particles, referred to later, 
became possible, it was proved that each «-particle 
carries the charge 2e, and therefore that its mass 
is four times that of the hydrogen atom. The 
a-particle was thus experimentally proved finally 
to be what for long had appeared the case, a neutral 
helium atom that has been deprived of the two 
negative electrons normally contained in it, and 
constituting what is now known to be the free 
helium nucleus. 

In 1909, Rutherford and Royds, using several 
hundred milligrams of radium, with the aid of a 
professional glass-blower, Baumbach, imprisoned 
the radon produced by it in a capillary glass tube 
so thin in the wall that the «-particles went clean 
through it, though it was perfectly gas-tight, and 
the showed the growth of helium out- 
side the tube. For this, the walls of the tube must 
be no thicker than two or three ten-thousandths of 
an inch. Rutherford and Royds’s apparatus for this 
work is illustrated diagrammatically in Fig. 42, page 
603. The Baumbach thin-walled capillary tube A 
contained the radon, the «-particles from which went 





through the glass walls into the outer vessel T. 
After the radon had decayed, mercury, admitted to 
T, compressed the gaseous contents into the spec- 
trum tube V, which showed the helium spectrum, 
though when A was filled with helium none leaked 
through into T. It was what happens to the a- 
particle in its path through the atoms of matter that 
led to the nuclear theory of atomic structure. 
Bragg’s broad outline was true, but not the whole 
truth ; they pass through almost as if they were not 
there—almost, but not quite! That, much later, 
in Rutherford’s hands, was the key that turned the 
lock, and which was ultimately to unleash atomic 
energy at will. Whether on the far side is to be the 
Garden of Eden or Inferno time will tell. 
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Light, Vision and Seeing. By Dr. MatrHEW LUCKIESH. 
Fourth Printing. D. van Nostrand Company, Incor- 
porated, 250, Fourth-avenue, New York 3, U.S.A. 
[Price 5 dols.]; and Macmillan and Company, Limited, 
St. Martin’s-street, London, W.C.2. [Price 25s. net.] 

Dr. LucgrEsH, as Director of the Lighting Research 

Laboratory of the General Electric Company of 

America, has devoted many years to an intensive 

study of all aspects of lighting in relation to vision, 

and wrote this book in response to requests for a 

popular account of the physical factors that contri- 

bute towards optimum conditions of seeing. He 
begins by pointing out the dominant part played 
by the visual sense, which, though it operates most 
efficiently for distant vision in daylight, is, of 
necessity, largely occupied with near vision in 
artificial light. He defines seeing to be the entire 
human activity involved in the use of vision and 
in the performance of a visual task, and emphasises 
its joint dependence upon light and vision. 
Statistics show that, whereas some 95 per cent. 
of people are born with nearly normal vision, about 
one person in every five of the population of the 

United States wears glasses. Moreover, as might be 

expected, eye defects are less prevalent among out- 

door than among indoor workers. Science has pro- 

vided lamps with luminous efficiencies up to 50 

lumens per watt, only slightly under one-quarter 

of the maximum theoretical efficiency, and has so 
reduced the cost of electricity, that, as the author 
justly observes, there can be no legitimate excuse 
for economising on lighting at the expense of 
comfort and safety. An interesting chapter traces 
the stages in the evolution of methods of lighting 
fromthe candle and oil burner, through the gas 
mantle and filament lamp, to the fluorescent tubes 
which are still in process of development. This is 
followed by a brief description of the eye as an 
optical instrument and of its limitations in respect 
of chromatic and spherical aberration and of 
resolving power. By way of warning that seeing 
is not invariably a reliable basis for belief, a few 
of the more striking optical illusions are included. 
Chapter VI stresses the primary importance of 
brightness in seeing, and describes the means 
whereby, and the units in terms of which, it is 
measured. The shortcomings of foot-candle speci- 
fications are clearly brought out in a series of 
diagrams showing how the same brightness can 
be obtained with levels of illumination ranging 
from 10 to 1,000 ft.-candles, depending upon the 
diffuse reflection factor of the surface viewed. 
The relation between brightness contrast and the 
threshold size of detail distinguishable is effectively 
illustrated from the wealth of experimental data 
secured in Dr. Luckiesh’s laboratory. Detailed 
analysis of the reading process shows it to consist 
of a series of eye movements punctuated by fixa- 
tional pauses, and the refinement of technique that 
has enabled the sequence of events to be followed 
out is beautifully illustrated in the electromyogram, 
on page 128. The chapter on eye-testing charts 
brings out points of vital concern to the practising 
oculist and insists on the necessity of adopting 
recognised standards for their illumination. Subse- 
quent chapters on the meaning and measurement 
of visibility, ease of seeing and brightness engin- 
eering should be studied by all responsible for the 
planning of industrial-lighting projects. For most 
purposes, the best combination consists of general 
illumination for the entire surroundings and localised 





supplementary illumination for the task and its 
immediate surroundings. The desirability of having 
the surroundings of approximately the same bright- 
ness as the task is frequently overlooked. 

Colour is generally of secondary importance, and 
it is pointed out that no source of adequate spectral 
range for general use in lighting has any advantage 
over other suitable illuminants in promoting critical 
seeing. Correct colour discrimination, of course, 
presents a special problem and imposes stringent 
demands upon any artificial light source. In his 
concluding chapter, Dr. Luckiesh has collected 
100 representative questions put to him during the 
course of his work and provides admirably concise 
answers to them. The same standard of conciseness 
is not maintained, or even attempted, in other parts 
of the book, but those who have tried to impart 
the lessons of science to persons lacking scientific 
training will probably agree with the author as to 
‘‘ the need for repetition even where it is avoidable.” 
Details of experimental techniques would be out of 
place in a popular exposition, but there can be no 
question as to the reliability of the evidence upon 
which Dr. Luckiesh bases his conclusions. Most 
of it relates to subjects with normal vision, and much 
of it was obtained by him or his associates. A good 
deal of what he has to say is either not generally 
known or has been insufficiently appreciated, and 
he contrives to correct certain common fallacies, as, 
for instance, the superior penetrating power of 
yellow headlamps in a fog. 





Rotary Vaive Engines. By M.C.1. HUNTER, M.I.Mech.E., 
M.I1.A.E. Hutchinson’s Scientific and Technical 
Publications, Limited, 47, Prince’s-gate, London, 
8.W.7. [Price 21s. net.] 

Many attempts have been made, during the develop- 

ment of the internal-combustion engine and, to a 

lesser extent, the steam engine, to replace valves 

of the conventional lift or sliding type by valves 
which have either uniform rotary or oscillatory 
motion ; in only a few cases, however, have results 
justified continuance of the design and frequently 
they have been so unsatisfactory that further 
experimental work has been abandoned. Only 
during the past few years have the difficulties 
inherent in the use of the rotary valve been over- 
come. In this interesting book, the author describes 
the historical development of rotary and semi- 
rotary valves and discusses the various problems 
connected with their design and operation. He 
stresses the dependence of successful operation 
upon the provision of effective sealing devices to 
counteract the effect of expansion and distortion 
and to ensure gas tightness, remarking that any 
attempt to make a cylindrical rotary valve pressure- 

tight by superfine workmanship, and without a 

sealing device round the ports, is futile ; the failure 

of many designs can be ascribed to failure to appre- 
ciate this important point. 

The author describes rotary-valve engines designed 
by a number of firms over a period of about 50 
years, going as far back as 1886. Few of these 
got beyond the experimental stage, but all 
some distinctive feature, principle or fault that is 
worth consideration. A description is also given 
of the important Burt-McCollum semi-rotary valve 
and its application in the aero engine. The only 
steam example given is a rotary-valve application to 
a locomotive ; it is curious that the Corliss engine 
is not mentioned. Among modern rotary-valve 
engines, descriptions are given of the Cross engine, 
with a cylindrical rotary valve, and the Aspin 
engine, using either a rotary combustion-chamber 
valve or a rotary valve of conical shape. The Rotol 
auxiliary generating plant for aircraft, with semi- 
rotary sleeve valve, is also described and some 
account is given of German engines having rotary 
disc valves. The author considers that, although 
the present designs of rotary valves leave much 
to be desired and many factors relating to design, 
materials and manufacture have yet to be studied, 
for technical reasons and because of the sound 
principles upon which it is based, the rotary valve will 
show eventual superiority over reciprocating valves. 
While it may be questioned whether the rotary 
valve will ever displace the reciprocating type 
in general use, this book serves a useful purpose in 
attracting attention to the subject. 














DEc. 26, 1947. 


BRITTLE FRACTURE IN 
MILD-STEEL PLATES—I. 
(Concluded from page 583.) 


We conclude below the paper on “‘ Fracture and 
Notch Brittleness in Ductile Metals,’ which Dr. E. 
Orowan, of the Cavendish Laboratory, contributed 
to the Conference on Brittle Fracture in Mild-Steel 
Plates, held at Cambridge, on October 26, 1945. 


FRACTURE AND NOTCH-BRITTLENESS IN DUCTILE 
METALS (concluded). 

THE portion of Dr. Orowan’s paper which was 
reprinted in last week’s issue of ENGINEERING 
concluded with the question, ‘‘ How can we explain 
the behaviour of notch-brittle steels which are 
capable of large plastic extension followed by ductile 
fracture in the tensile test, yet can fracture with 
practically no deformation in the notch-impact 
test or as part of a welded structure ?” 

An answer to this question, Dr. Orowan continued, 
has been given by Ludwik. He was the first to 
direct attention to the triaxial-tension arising in 
notched tensile specimens, as well as on the notched 





tensile side of Charpy or Izod specimens. Since the 
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and theoretical reasons, it can be assumed that the 
cleavage strength does not change considerably, 
and certainly does not fall, with decreasing tempera- 
ture ; low-temperature brittleness then means that 
the yield stress must rise with falling temperature 
to the value of the brittle strength. According to 
experiments, the yield stress of steels, and, indeed, 
of most metals, rises two to four fold between room 
temperature and that of liquid air (further decrease 
of temperature has relatively little effect). If 
such a rise is sufficient to reach the value of the 
brittle strength, this cannot be more than two to 
three times the yield stress at room temperature. 
This ratio is just what has been concluded, on the 
basis of the Ludwik theory, from the occurrence of 
notch brittleness at room temperature. If notch 
brittleness is caused by the triaxial tension effect, 
therefore, there must exist a rough rule that a 
tendency to notch brittleness at room temperature, 
and brittleness at very low temperatures, will, in 
general, occur together. 

Another problem for the triaxia] tension theory, 
said Dr. Orowan, in continuing with his paper, 
seems to arise from the circumstance that cracks in 
welded structures and other structural parts are 
often not accompanied by any observable trace of 


Fig.15. 
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transversal tensions annihilate a part of the greatest | 
principal tension for purposes of plastic yielding, the | 
greatest tension at yielding can reach higher values 
than in uniaxial tension. If, therefore, the greatest 
tension at yielding is plotted as a function of the 
plastic strain (Fig. 13, page 581, ante), the curve Y; 
for the notched specimen, with a strongly triaxial 
state of tension, will have a higher position than the 
curve Y, for an unnotched specimen. If the brittle 
strength-plastic strain curve B intersects Y, but not 
Y,, the material will show ductile fracture in the 
ordinary tensile test, but brittle fracture in the 
notched -bar test. 

In this way, the Ludwik theory is able to explain 
the occurrence of typical notch brittleness ; for a 
time, however, it seemed incapable of explaining 
why many materials never show brittle fracture. 
Following Kuntze and McAdam, it was assumed that 
the triaxial yield-stress, curve Y, (Fig. 13), would, 
theoretically, rise to infinity if the notch could be 
made sharp and deep enough; if the notch is a 
sharp crack, therefore, Y, would certainly rise to 
very high values. Since sharp cracks can arise in 
any material, the tensile stress, in general, should be 
able to rise to any particular value of the brittle 
strength, and all materials should be capable of 
exhibiting notch brittleness under suitable condi- 
tions. However, it can be shown that the assump- 
tion of Kuntze and McAdam is not correct. Calcu- 
lation leads to the result that, even in the theoretical 
case of an ideally sharp and deep notch, the highest 
tension occurring when the specimen yields could 
not be more than about 3-3 times the yield stress in 
uniaxialtension. If, therefore, the cleavage strength 
of the material is more than about three times higher 
than its (ordinary, uniaxial) yield stress, notch 
brittleness cannot occur in any circumstances. 
According to the Ludwik triaxial theory, then, 
carbon steels (and some hexagonal metals) alone 
among the common metals would have a cleavage 
strength that exceeds the uniaxial yield tension, 
but not more than by a factor of about 3. Is this 
conclusion supported by other evidence? For 
carbon steels, the answer is certainly, Yes. Unlike 
most other ductile metals, carbon steels become 








quite brittle at low temperatures. For experimental 
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plastic deformation. It is important to realise that 
a transverse tension high enough to explain brittle 
fracture cannot arise without a small amount of 
plastic deformation. This is particularly clear in 
the case of the sandwich specimen shown in Fig. 10, 
page 581, ante ; if the elastic constants of the compo- 
nent metals were equal, there could be no triaxiality 
at all without a certain amount of plastic deforma - 
tion, and if they were unequal, the usual values of 
Poisson’s ratio could give only a comparatively 
small transversal stress. In notched-bar tensile 
specimens, the small plastic deformation in the 
notch core which precedes whatis conventionally 
called yielding is easily observable. 

A possible answer to this difficulty is that the 
plastic deformation might be confined to a thin 
layer at the surface of fracture; indeed, it is 
plausible to assume that a crack of atomic sharpness 
would create a very much narrower zone of plastic 
deformation than a machined notch. The writer 
intends to use X-rays for deciding whether or not 
plastic deformation has taken place in a thin 
layer at the surface of fracture. If a deformed 
zone is present in all cases, the triaxial stress theory 
can be said to have a very high degree of probability.* 
This has been confirmed on a specimen of notch- 
brittle ship plate; a thin layer of material at the 
surface of fracture of an apparently quite brittle 
crack gave X-ray photographs showing a consider- 
able amount of plastic deformation. If not, 
triaxial tension arising from constrained plastic 
deformation will still play an important part in 
many cases as the main factor in raising the tensile 
stress to the value of the cleavage strength; in 
other cases, however, a different explanation will 
be necessary. 

One of two possible alternative explanations has 
been suggested by Professor Mott. It is based on 
the fact that the yield stress usually increases with 
the rate of deformation, and so the question whether 
a crack will propagate by the plastic or the cleavage 
mechanism may depend on the velocity of propa- 
gation At low velocities, yielding at the bottom 





* E. Orowan, Trans.I.E.S.Scot., vol. 88, page 189, 
(1945). 








of the crack may take place before cleavage occurs ; 
at high rates of deformation, however, such as would 
occur in plastic crack propagation with high veloci- 
ties, the yield stress may rise so high that the 
cleavage strength at the bottom of the crack would 
be reached before yielding could occur. In conse- 
quence, there could be two crack propagation 
mechanisms for the same crack in the same material : 
a ductile one, operating at low velocities, and a 
brittle one, at high velocities of propagation. If, 
in the course of ductile crack propagation, a crystal 
grain of particularly low cleavage strength suddenly 
splits instead of yielding, the high velocity of this 
process might switch over the crack propagation 
from the ductile to the cleavage type. 

The idea of connecting notch brittleness with 
high rate of deformation is, of course, an old one ; 
it was abandoned when it became clear that slow 
bending can produce notch brittleness almost as 
easily as impact bending. However, Mott’s applica- 
tion of the velocity effect on a microscopic scale is 
immune from this objection, because in it the high 
rate of deformation which switches over the process 
from the ductile to the brittle type is produced, 
not by a relatively high rate of macroscopic straining, 
but by the extremely rapid bursting of a grain. 
The conditions for this may be created by triaxial 
tension arising by the Ludwik mechanism; once 
high-speed crack propagation of the cleavage type 
has started, however, further plastic deformation 
need not occur. 

It is interesting to consider the question how much 
the yield stress could possibly be raised by high rates 
of deformation. Extremely high rates of deforma- 
tion probably have an effect equal to that of very 
low temperatures; they might be expected, there- 
fore, to raise the yield stress by a factor of about 
2 to 3. Consequently, the Mott and Ludwik 
mechanisms would be about equally capable of 
producing notch-brittle fracture in a given material. 
However, it seems that the extremely high rates of 
deformation which may occur at the bottom of a 
crack during ductile propagation are essential if 
the yield stress is to be raised two or threefold ; 
at the highest macroscopic rates of strain attainable 
at present, the yield stress of steels is raised only 
by 20 or 40 per cent. This is in accord with the 
fact that high rates of straining, although contribut- 
ing to notch brittleness, cannot, in general, produce 
brittle fracture at room temperature in the absence 
of a notch or a crack. 

In addition to the triaxial tension and the rate of 
deformation effect, there is a third way in which 
stresses exceeding the normal yield stress can arise. 
In the course of the past 25 years, it has become 
increasingly certain that the yield point in low-carbon 
steels, as observed in standard tensile tests, can be 
exceeded considerably if the stress is confined to 
small volumes. Thus, for instance, in plates con- 
taining holes or notches, yielding does not begin 
when the highest stress, as calculated from the 
elastic stress distribution, reaches the values of the 
yield point ; the first local yielding occurs at calcu- 
lated stresses which, in different cases, have been 
found to exceed the normal yield point by factors 
ranging from 1-2 to 2-7. This effect, which, for 
the sake of brevity, we shall call super-stressing, 
has been studied with particular care by Professor 
G. Cook and his collaborators. The last shade of 
doubt about its reality was removed when, in 1935, 
Moller and Barbers proved by X-ray stress measure- 
ments the presence of stresses exceeding the yield 
point at the bottom of notches and other stress 
concentrations of small linear dimensions. Accord- 
ing to the last information available, Méller finds 
super-stressing by factors of 1-1 to 1-2 at the 
bottom of semicircular notches, and 2 to 3 at sharp 
notches. Thus the relative rise of the tensile stress, 
as compared with the yield tension in uniaxial 
loading, may be of the same order as that caused 
by plastic constraint (triaxial stress), by low 
temperatures, or by very high rates of deformation ; 
in consequence, super-stressing may be responsible 
for the cracking of notch-brittle materials, and in 
this case fracture could occur without any plastic 
deformation. 

It is interesting to realise that, with the observa- 
tion of super-stressing, the usual basis of strength 
calculations in engineering has been severely shaker ; 
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the fundamental assumption that plastic yielding 
depends only on the local values of stress, but not 
on the stress distribution in the constructional part, 
is now seen to be unjustified. Fortunately, the 
errors seem to be considerable only in the case of 
carbon steels, and have the result that the strength of 
the calculated structure is higher than intended. 

It seems that a connection may exist between the 
physical cause of super-stressing and a theorem put 
forward recently by Sir Lawrence Bragg, which 
leads to a quantitative relationship between the 
yield stress and the dimensions of the volume to 
which plastic deformation is confined. Consider 
the possibility of a glide process in the plane P-P 
within the volume V (Fig. 14, page 605), which 
should be small compared with the volume of the 
specimen. The glide will lead to a certain release of 
elastic strain in V, as is indicated in Fig. 15; the 
magnitude of the plastic glide in the plane P-P, of 
course, cannot be much greater than that which 
corresponds to a complete release of elastic strain in 
the volume V (this is assumed in Fig. 15). This is, 
obviously, h y if his the height of the volume V and y 
the elastic shear before the release. The inclined 
parallel lines in Figs. 14 and 15 represent the posi- 
tions of originally vertical lines after the elastic 
distortion of the body. Their spacing is not meant to 
be related to the interatomic spacing a. Since the 
amount of plastic glide in the plane P-P must be at 
least one inter-atomic distance @ in the glide 
direction, we have as a condition of plastic glide 
confined to the volume V, 

hy < a, 

or, if the elastic strain y is expressed by means of 
the shear stress + and the shear modulus G, 
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Thus, the shear stress that must be applied in order 
to cause glide confined to V is inversely proportional 
to the height h of the region V. 

The regions of stress concentration in specimens 
provided with machined notches or holes, are, of 
course, so large that the condition indicated does not 
represent any additional restriction: the stress 
demanded by it is always far smaller than the normal 
yield stress of the material. However, the yielding 
of annealed mild steel shows a peculiarity which sets 
another, and a far more stringent, lower limit to 
the amount of plastic shear than does the inter- 
atomic distance in the above expression; this is 
the circumstance that yielding takes place by the 
formation of Liiders lines in which the plastic shear, 
for some reason, is always of the order of about 
1 per cent. (it can be a low multiple, or a large 
fraction, of this amount). In addition to this, the 
thickness of a Liiders line is never less than the 
diameter of a crystal grain, so that the shear dis- 
placement between the boundaries of a line must be 
at least of the order of 1/100th of a grain diameter. 
On the argument underlying Bragg’s theorem, it 
can be made plausible that the stress needed for the 
formation of a Liiders line must increase if the 
volume in which elastic strain release can take place 
is very small. 

It could be objected against this explanation of 
super-stressing that the sharp yield point and the 
formation of Liiders lines are present only in 
annealed or strain-aged mild steel, while the ten- 
dency to notch brittleness is shown by all carbon 
steels, in all states of thermal and mechanical treat- 
ment. It is possible, in fact, that considerable 
super-stressing cannot occur in freshly cold-worked 
steel, and in this case cracking could not take place 
without some plastic deformation (as much as is 
needed for producing sufficient triaxiality of the 
tension around a notch or crack). However, a 
material that does not show a sharp yield point in 
the tensile test may well be in the state correspond- 
ing to a sharp yield point at all points except a few. 
The presente of a single Liiders line does away with 
the upper yield point and, vice versa, a high upper 
yield point cannot appear before all parts are 
sufficiently annealed or aged. Locally, for instance, 
at the bottom of a notch or crack, the material may 
be in a state in which super-stressing can occur, even 
though the specimen as a whole does not show a 
sharp upper yield point. 

The great effect of strain ageing upon notch 
brittleness definitely supports the above explanation 


of super-stressing, and indicates that super-stressing 
may be an important factor in producing notch- 
brittle fractures. It has been shown by Roetscher 
and Fink that 30 minutes of ageing at 250 deg. 
after 10 per cent. compression, reduces the notch- 
impact value of low-carbon steels roughly in the 
ratio of 10 to 1. However, the main conclusion 
that can be drawn from our considerations is that 
the question whether the immediate cause of notch- 
brittle fracture is triaxial tension, the velocity effect, 
or super-stressing, is a secondary one ; the tendency 
to notch brittleness is due to the brittle strength 
being less than about three times the common yield 
stress, and if this state of things is present, any of 
the three immediate causes mentioned may be 
capable of starting brittle fracture. 

The views developed above about the physical 
background of notch brittleness can now be applied 
to two questions of practical importance. The first 
question is: what is the meaning and practical 
importance of the notched-bar impact (Izod or 
Charpy) test? The second: does our present 
knowledge of the matter show possibilities of 
systematically improving the notch toughness of 
materials ? 

There is no doubt that the notch-impact test is 
the only conventional test that gives any informa- 
tion about the tendency of a material to notch- 
brittle fracture. Wherever in practice there is a 
possibility of such fracture occurring, the test is 
essential. If, nevertheless, there is still a wide- 
spread scepticism about its usefulness, this must 
be attributed to an equally widespread misuse of the 
test. In the first notched-bar bending tests pub- 
lished by Tetmajer in 1884 and by Tunner in 1885, 
the specimen was simply broken by a hammer blow, 
and notch brittleness was recognised by the lack of 
sufficient plastic deformation, and by the crystalline 
appearance of the surface of fracture. The next 
step, quite naturally, was to make the test quanti- 
tative. Two choices were open: first, the relative 
size of the crystalline part of the surface of fracture 
could be given under standardised conditions of 
testing ; second, the work needed for fracture could 
serve as an index of the plastic deformation preced- 
ing fracture. Rather unfortunately, in my opinion, 
the second way was generally chosen. Had the 
first been selected, or a combination of both together, 
there would have been little inducement for using 
the test to compare materials that never show 
brittle, or never show ductile, fracture. As it 
happened, however, the “impact value ” of copper 
or aluminium was as freely determined as that of 
glass or of hardened steels. In the first case of 
completely ductile materials, the test can reveal 
nothing that is not shown by the normal tensile 
test in a much more precise manner ; the “ impact 
value” is merely the area below the tensile stress- 
strain curve, distorted by the complex nature of the 
deformation in the notched bending specimen. 
With completely brittle materials, on the other 
hand, the work needed for breaking the specimen is 
negligibly small, and the notch impact value mea- 
sured is mainly the energy of the elastic waves 
scattered in the testing machine, in its foundation, 
and in the surroundings. How misleading an 
indiscriminate use of the test is, can be seen from the 
fact that materials with small reductions of area at 
fracture obviously must give low impact values, even 
if they never show brittle fracture. Standard rail- 
way rails, for instance, have Izod values of about 5; 
a low-carbon steel with this value would be an 
entirely notch-fragile material. The proper way of 
using the impact test is for comparing materials 
with varying degrees of notch brittleness, not 
materials that never show, or always show, the 
phenomenon to be detected by the test. Moreover, 
it is far more important to record the relative area 
of the crystalline part in the surface of fracture, as 
has been done by Mrs. Tipper, than it is to measure 
the work of fracture. 

Owing to the complex deformation in an Izod or 
Charpy specimen, the notched-bar bending test is 
unsuitable for a quantitative study of notch brittle- 
ness. The above considerations seem to show the 
way towards experiments of a simpler and more 
fundamental significance. If notch brittleness is 
due to low values of the brittle strength, it is this 





that must be studied. The obvious thing to do is 
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to measure it directly, for instance, at the tem- 
perature of liquid air. This is now available every- 
where, and low-temperature strength measurements 
are almost as easy to make as room-temperature tests. 

The answer to the question whether notch brittle- 
ness can be remedied depends on whether the low 
cleavage strength of a given material is inherent in 
its chemical and crystallographic structure, or is 
caused by imperfections such as minute cracks, 
surfaces of atomic disorder, or impurities precipi- 
tated in crystallographic planes. Extremely sma!| 
amounts of impurities per unit of volume can pre- 
cipitate with high density in a few lattice planes, 
and weaken the cleavage strength of these planes 
considerably. It is thus rather difficult to say 
whether the tendency to notch brittleness in a given 
material is really an inherent property, or is caused 
by some minute impurity which has so far escaped 
attention. The only promising way of studying such 
questions seems to be the production of control 
materials alloyed from spectroscopically pure com- 
ponents ; if the control material happens to be free 
from notch brittleness, the addition of known 
impurities may help to trace the most dangerous 
ones in the commercial metal. Another point to be 
investigated is the possible presence of microscopic 
or sub-microscopic cracks. In a _ transparent 
material, such investigations would be comparatively 
easy ; in metals, the damping capacity at very high 
frequencies might reveal something about internal 
defects. 

Experience indicates that the comparatively low 
cleavage strength of carbon steels is probably an 
inherent property. Under normal conditions, it 
does not give rise to dangerous notch-fragility ; 
comparatively small chemical or physical defects, 
however, can lower it to a value at which cleavage, 
rather than plastic yielding, takes place in regions 
of elevated tensile stress. 





LAUNCHES AND TRIAL TRIPS. 


M.S. ** SaLaGa.’’—Single-screw cargo vessel, for carry- 
ing palm oi! in bulk, with accommodation for twelve 
Passengers, built and engined by Messrs. R. and W. 
Hawthorn, Leslie and Company, Limited, Hebburn-on- 
Tyne, for Messrs. Elder Dempster Lines, Limited, Water- 
street, Liverpool. Main dimensions: 385 ft. by 57 ft. 
by 32 ft. 9 in. to shelter deck; deadweight capacity, 
about 6,360 tons on a draught of 22 ft.4 in. Hawthorn- 
Doxford four-cylinder two-stroke opposed-piston engine. 
Trial trips, December 10 and 11. 

S8.S. “‘ COLEFORD.’’—Single-screw vessel for the car- 
riage of coal, built by Messrs. S. P. Austin and Son, 
Limited, Wear Dockyard, Sunderland, for Messrs. Coast- 
wise Colliers, Limited, London. Main dimensions: 
317 ft. 6 in. by 44 ft. 6 in. by 22 ft. 1 in.; deadweight 
capacity, about 4,350 tons. Triple-expansion engines 
supplied and installed by Messrs. North Eastern Marine 
Engineering Company (1938), Limited, Sunderland. 
Launch, December 11. 

S.S. “‘ Gornic.’’—Twin-screw passenger and refriger- 
ated-cargo liner for the Australian and New Zealand 
trades, with accommodation for 80 first-class passengers, 
built by Messrs. Swan, Hunter, and Wigham Richardson, 
Limited, Wallsend-on-Tyne, for Messrs. Shaw Savill and 
Albion Company, Limited, 88, Leadenhall-street, London, 
E.C.3. Main dimensions: 561 ft. by 72 ft. by 43 ft. 4} in. 
to shelter deck; gross tonnage, about 15,700. Single 
and double reduction geared turbines, to give a service 
speed of 17 knots, constructed by Messrs. Wallsend 
Slipway and Engineering Company, Limited, Wallsend- 
on-Tyne. Launched, December 12. 

M.S. “ PETER JEBSEN.”’—Single-screw cargo vessel, 
with accommodation for nine passengers, built by Messrs. 
Smith’s Dock Company, Limited, South Bank, Middles- 
brough, for Messrs. Aktierederiet Atlantic (managing 
owner, Mr. Paul Jebsen), Bergen, Norway. Main dimen- 
sions : 330 ft. by 48 ft. 9 in. by 29 ft. 9 in. to shelter deck ; 
deadweight capacity, about 3,950 tons on a draught of 
19 ft. Three-cylinder “‘ Wallsend-Doxford ” oil engine 
of 2,100 brake horse-power, supplied by Messrs. Wallsend 
Slipway and Engineering Company, Limited, Wallsend- 
on-Tyne, to give a speed of about 13 knots. Launch, 
December 12. 

M.S. ‘“* MERCIAN ”?: ERRATUM.—Messts. Swan, Hunter, 
and Wigham Richardson, Limited, Wallsend-on-Tyne, 
builders of the M.S. Mercian, the launch of which was 
referred to on page 490, ante, inform us that the vessel 
was not engined by them, as inadvertently stated 
in their report. The vessel’s propelling machinery was 
constructed by Messrs. British Polar Engines, Limited, 
Govan, Glasgow, and supplied by Messrs. Atlas Diesel 
Company, Limited, Beresford-avenue, Wembley 
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ACICULAR CAST IRONS.* 
(Concluded from page 583.) 


HIGH-DUTY irons are normally made to-day by melt- 
ing in the cupola furnace charges high in steel scrap 
or refined pig iron, to keep down the carbon content 
of the metal. The low-carbon and relatively low- 
silicon contents and the high melting temperature tend 
to produce a special variety of fine graphite, usually 
termed undercooled, arising from the breakdown of iron 
initially solidifying white. It is usual to add to the 
molten metal as it comes from the furnace a so-called 
ladle graphitiser (Third Report) or inoculant, such as 
ferro-silicon, ferro-silicon plus nickel, calcium silicide 
or proprietary material. This suppresses the tendency 
to form white iron and hence ensures the presence of 
graphite in the flake form. As these materials fre- 
quently add a small amount of silicon to the melt, the 
silicon in the charge material is adjusted accordingly. 

The silicon content is also adjusted to the size and 
section of the casting, but the range in high-duty irons 
seldom goes below 1-6 per cent. or exceeds 2-6 per 
cent. As the ladle graphitiser mentioned above may 
add 0-3 per cent. to 0-6 per cent. to the melt, the range 
in the charge material may be 1-0 per cent. to 2-3 per 
cent. Experiments have been made to see whether 
variations in silicon content affect the strength and 
structure of acicular irons, and the answer is negative. 
In dealing with necessary variations in silicon, there- 
fore, no adverse effects need be feared. These tests 
were made on crucible-melted material and hence the 
strengths recorded are rather low. The chemical 
analysis of the metal for elements other than silicon is 
given at D in Table I, page 583, ante, and mechanical 


TABLE III.— Mechanical Tests : 


Silicon Variations. 
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l 
m ft BD, ae H, Silicon, 
Treatment. | Tons | | Tons | Brinell| Per 
| per | J per | Ft.-lb. No. | cent. 
Sq. in, | | sq. in, 
| 
As cast 40-4 | 0-35 | 21-4| 37 | 285 
45-2 | 0-46 | | 
| } } | 1-67 
Tempered ..| 50-2) 0-39) — 32 288 | 
| 46-5 | 0-34 | 
As cast 47-1 | 0-44 | 25-4| 28 | 321 | 
41-6 | 0-39 | | 
| | 2-22 
Tempered ..| 50-3 | 0-36 | 24-9 28 328 
49-4} 0-35 | 
As cast 42-2 | 0-42 | 23-5 29 313 | 
| 43-8 0-47 | | 
| ! | | 2-86 
Tempered ..| 47-5 | 0-37| 26-0] 24 | 300 | 
| 48-1 | 0-38 
As cast. 41-3| 0-43 | 21-8 |; 29 | 290 
42-6 | 0-44 | | 
| 3-20 
Tempered ..| 46-4 | 0-39 25-4 | 25 295 | 
| 47-6 | | | 


| 
0-39 4 





properties in Table III, on 1-2-in. bars. In several of 
these tables, figures are given for the as-cast and 
tempered states to illustrate the improvement due to 
thermal treatment which experiment showed was most 
advantageous at 300 deg. C. to 350 deg. C. (572 deg. F. 
to 662 deg. F.) for five hours, plus one hour for each 
inch of section above 2 in., followed by slow cooling. 

As manganese and sulphur exist mainly as man- 
ganese sulphide (an inclusion which does not materially 
affect the properties or structure) it is only necessary 
to ensure that the manganese is adequate to neutralise 
the sulphur present. For a maximum sulpbur content 
of 0-15 per cent., the manganese should not be below 
0-55 per cent. and should be somewhat in excess—say, 
0-6 per cent. to 0-9 per cent., and no great disadvantage 
arises if it should be still higher. A manganese of 
0-5 per cent. should be regarded as a minimum for any 
sulphur content, as in melting processes there is a slight 
loss of manganese by oxidation. 

Phosphorus is usually kept low in high-duty irons, 
below 0-15 per cent. for Grade 4, and below 0-3 per 
cent. for Grade 3 of British Standard Specification 
No. 786. In fact, 0-3 per cent. corresponds to maxi- 
mum tensile strength, but the impact strength is 
reduced as phosphorus increases, as shown in the 
Second Report. In order to determine its effect on 
acicular structure, a 300-lb. crucible furnace melt was 
made and bars were poured. Successive increasing 
additions of ferro-phosphorus were made until seven 
sets of bars were cast, ranging in phosphorus from 
0-03 per cent. to 1-14 per cent. Calcium silicide was 





* Fourth Report of the Research Committee of the 
Institution of Mechanical Engineers on ‘ High-Duty 
Cast Irons for General Engineering Purposes: Acicular 
Cast Irons,”’ prepared for the Committee by the Reporter, 
J.G. Pearce, M.Sc.,M.I.Mech.E. Abridged. This paper 
is submitted for written discussion, which should reach 
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used as a ladle graphitiser and bars were tested as cast 
and after thermal treatment for five hours at 320 deg. C. 
(608 deg. F.). For the best combination of mechanical 
properties the phosphorus should be kept as low as 
possible, preferably below 0-15 per cent. for the highest 
properties, and in any case below 0-3 per cent. The 
phosphorus forms a compound with molybdenum and 
this robs the matrix of an essential constituent, as 
shown by Rote and Wood (1945). Thus an acicular 
iron containing 0-7 per cent. to 1-0 per cent. molyb- 
denum becomes pearlitic with a phosphorus content of 
0-6 per cent. to 0-8 per cent. Nickel appears to be 
able to offset this effect of phosphorus to some extent, 
although even in this case the mechanical properties 
are reduced 

Nickel, copper, chromium, and molybdenum are fre- 
quently added to high-dyty irons, and molybdenum is 
an essential constituent of the acicular irons, as is nickel, 
although it can be replaced to some extent by copper 
in thin sections. A series of melts from the British 
Cast Iron Research Association experimental cupola, 
cast into 1-2-in. bars and thermally treated for five 
hours at 320 deg. C. (608 deg. F.) shows that little is 
gained by increasing the molybdenum content above 
0-8 per cent. In general the molybdenum should be 
kept within the range 0-7 per cent. to 0-1 per cent. ; 
provided, as indicated above, that the phosphorus is 
low. 

The value of nickel in acicular cast irons has been 
well treated by MacPherran, Roth, and Flinn and 
Reese. Irons containing 2 per cent. nickel, 0-75 per 
cent. molybdenum, and 0-15 per cent. chromium have 
given tensile strengths of 40 tons to 45 tons per square 
inch after thermal treatment, but were extremely 
hard. The present work has shown that for the thinner 
sections copper may be used as an alternative, but the 
limited solubility of copper makes its exclusive use 
impracticable in beavy sections. Nickel facilitates the 
production of the acicular structure in sections of 
which the slower cooling rate would otherwise yield 
pearlite. Nickel in excess of the amount required to 
yield the acicular structure will give martensite, which 
will give increased hardness and reduced machinability. 
The following procedure is recommended, based on the 
examination of bars made by casting varied sections 
up to 6 in. diameter :-— 

Nickel Contents :— 

0-5 per cent. to 1-5 per cent. for sectional thick- 
nesses up to 1-5 in. 

1-5 per cent. to 2-5 per cent. for sectional thick- 
nesses between 1-5 in. and 3 in. 

2-5 per cent. to 3-0 per cent. for sectional thick- 
nesses between 3 in. and 4 in. 

3-0 per cent. to 4-0 per cent. for sectional thick- 
nesses between 4 in. and 8 in. 

Over 4-0 per cent. for sectional thicknesses over 
8 in. 

Copper Contents :— 

Copper can be used as an alternative to nickel in 
sections up to 1-5 in. in like amounts (i.e., 0-5 
per cent. to 1-5 per cent.). Maximum strength 
in these sections is given by up to 3-0 per cent. 
copper, but at the expense of machinability. 
For larger sections with more nickel, not more 
than 1-5 per cent. nickel can be safely replaced 
by copper. 

Material made in the British Cast Iron Research 
Association experimental cupola is given in Table IV, 
with mechanical results in Table V. Melts carried out 


TABLE IV.—Copper-Bearing Cast Irons. 











i J A. B | c 
Total carbon 2-91 3-01 2-97 
Silicon 1-78 1-83 1-91 
Manganese .. 0-71 0-81 0-77 
Sulphur nee 0-10 0-11 0-09 
Phosphorus .. 0-03 0-03 0-19 
Copper ‘ 0-59 0-97 1-97 
Molybdenum 0-62 0-93 0-78 
Chromium : _ ae 0-14 
| 





TABLE V.—Tests on Copper-Bearing Irons. 








R, D, i H, 8, 
——— Tons Tons | Brinell 
per In, per Nos, | Ft.-Ib. 
8q. in. 8q. ip. 

A Ascast .. 54-0 _ 26-5 277 22 
A Heat treated 58-7 _ 32-7 280 26 
B Ascast . --| 50-3 0-38 24-6 277 63 
B Heat treated ..| 70-6 0-51 31-7 285 59 
C Ascast .. —_ _ 25-8 335 —_— 
C Heat treated — _ 38-5 320 _ 

















both in the experimental cupola and in a manufac- 
turing-scale furnace have shown that chromium in 
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of the acicular structure and that the element should 
preferably be below 0-2 per cent. Vanadium is a 
carbide-stabilising element, like chromium, and its 
frequent occurrence in foundry pig irons and scrap 
renders a study of its effect in acicular irons desirable, 
in view of the results obtained for chromium. 

The effect of vanadium on the acicular structure was 
studied, initially by five melts with varying molyb- 
denum and nickel contents calculated either to yield 
an acicular structure or to be just insufficient to do so. 
Additions of vanadium were made progressively by 
means of ferro-vanadium. All the melts showed an 
increase in hardness, and structurally no positive 
conclusions could be drawn, but in border-line cases 
the vanadium tended to prevent the formation of 
acicular ferrite and in acicular structures to promote 
the formation of a low-temperature transformation 
product formed below the normal austenite-pearlite 
change, but above the temperature of the acicular 
change. The mechanical tests reflected these results. 

A further test was made with an acicular iron con- 
taining 0-7 per cent. molybdenum and 1-6 per cent. 
of nickel. Additions of ferro-vanadium were made to 
give vanadium contents up to 0-8 per cent. and the 
bars were tested both as cast and after the recommended 
heat-treatment to 320 deg. C. (608 deg. F.) for five 
hours followed by slow cooling in the furnace. Struc- 
turally, the vanadium-free melt was acicular ferrite, 
without pearlite, but with vanadium a low-temperature 
transformation product appeared and increased, and 
then, with increasing vanadium, troostite and lamellar 
pearlite. The hardness increased by some 15 Brinell 
points for each 0-1 per cent. vanadium addition. The 
tensile strength and impact resistance fell with the 
higher vanadium additions owing to the partial struc- 
tural change brought about by the vanadium additior. 

Vanadium additions up to 0-8 per cent. cause the 
replacement of the soft acicular ferrite by a hard low- 
temperature transformation product, and with the 
higher additions this forms a complex structure with 
troostite and lamellar pearlite. There is a trend 
towards higher strengths with this structural change 
before the weakening effect of the mixed structure 
predominates, but the hardness is increased and the 
machinability impaired. Stronger and harder acicular 
structures may be obtained if required by adjusting 
the amount of other alloys (such as molybdenum or 
nickel) without recourse to the mixed structures conse- 
quent on vanadium additions. While, therefore, the 
amount of vanadium normally present in pig irons and 
scrap need not cause any difficulty in making acicular 
cast irons, specific vanadium additions should be 
avoided. 

Tests were carried out to ascertain whether gases 
likely to be met in melting and founding processes, 
hydrogen, nitrogen or carbon dioxide, had any effect 
on the acicular structure, but it was found that such 
gases did not interfere in any way with the formation 
of the acicular structure and there was no appreciable 
effect on transverse or tensile strength, hardness or 
shock-resistance. The effect of size of section can only 
be shown within a limited range of bar diameters 
because of the limitations of testing machine capacity. 
The tensile strength and hardness of bars cast between 
1-2 in. and 2-1 in. are shown in Table VI, the analyses 
being given at F and G of Table I, on page 583, ante. 


TABLE VI.—Influence of Section Size. 











1-2 Inches. 1-6 Inches. | 2-1 Inches, 
As | Tem-| As | Tem-/; As | Tem- 
Cast. | pered.| Cast. | pered.| Cast. | pered. 
Metal F: ta tons 
per sq. 28-4) 38-7) 25-9) 26-3) 24-8) 37-1 
Metal F : i, Brinell 
No, 321 307 295 282 256 247 
Metal G: T, tons 
per sq. in. ..| 30-7) 40-0) 27-4) 35-6) 26-8) 32-6 
Metal G: H, Brinell 
No, a .-| 390 396 315 302 295 287 


























The change in strength with section, even for the 
same composition, is comparatively small and if the 
recommendations given above with respect to modifying 
composition to suit section size are carried out, no 
serious difference in strength between heavier and 
lighter sections need be anticipated. The results given 
in Table VII, on page 608, were obtained by the Mond 
Nickel Company, Limited, on material cast in a com- 
mercial foundry ; the material was cast from one melt 
of composition: total carbon 2-89 per cent., silicon 
1-82 per cent., manganese 1-10 per cent., sulphur 
0-06 per cent., phosphorus 0-04 per cent., nickel 
2-85 per cent., chromium 0-08 per cent., molybdenum 
0-80 per cent. The heat-treatment was six hours at 
340 deg. C. (644 deg. F.). All bars were machined to 
1-128 in. diameter for the tensile test and to 0-798 in. 
diameter for the impact test. The hardness tests were 





excess of 0-4 per cent. is harmful to the development 


Vickers diamond. This material is calculated by analy- 
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sis to suit castings represented by a bar 4 in. in diameter, 
and hence the smaller bars are harder than would be 
found ir practice in castings with compositions suited 
to these smaller bar diameters. In another case, a 
casting independently analysed to give a composition 
not differing greatly from the above, and intended for 
a 4-in. maximum section size, gave over 35 tons per 
square inch on a tempered 1-2-in. bar and was easily 
machined with a high-speed tungsten steel. 

The information obtained with respect to the 
strength of acicular irons in the cold requires to be 
supplemented by a knowledge of their behaviour at 
elevated temperatures. These irons are not specifically 
required to withstand, and are not recommended for, 
service at elevated temperatures, but nevertheless 


TaBLeE VII.—JInfluence of Section Size. 




















a T, a sz 
Bar Diameter, Tons Tons | Brinell 
In. per In. per | Ft.-Ib.| No. 
sq. in. sq. in. 

2-1in.: As cast -| 45°6 0-34 27-6 28 342 
Tempered 52-7 0-33 30-8 32 359 

3 in. : As cast - _ — 25-1 25 319 
Tempered = a 30-3 31 314 

4 in.: Ascast .. _ _ 28-7 37 316 
Tempered —|-— | 28-4 27 315 





many engineering castings become heated in service. 
Pearlitic irons have their essential constituent formed 
at 720 deg. C. to 600 deg. C. (1,328 deg. F. to 1,112 
deg. F.), and are known to be stable up to 400 deg. C. 
to 500 deg. C. (752 deg. F. to 932 deg. F.). Martensitic 
irons have their essential constituent formed at 100 deg. 
C. to 250 deg. C. (212 deg. F, to 482 deg. F.), and are 
known to be unstable under heat, as shown by their 
response to tempering. Acicular structures are formed 
at temperatures between those of pearlite and mar- 
tensite. 

Short-time tests at elevated temperatures have been 
taken on acicular irons. They show a behaviour in 
line with that of ordinary pearlitic iron, in that there 
is little reduction in strength up to 400 deg. C. (752 
deg. F.), but a rapid decline after that. It seemed 
desirable, however, to determine what structural 
change takes place on heating, and hence four acicular 
irons and two pearlitic irons were annealed for various 
periods at 750 deg. C., 700 deg. C,, and 650 deg. C. 
(1,382 deg. F., 1,292 deg. F., 1,202 deg. F.) to determine 
the rate of breakdown of the acicular structure. 

The mechanical tests in this section were carried out 
in the cold after exposure to elevated temperatures. 
Microscopic examination showed that the appropriate 
structures had been obtained in each case, and a 
series of preliminary pilot tests was carried out. The 
results of the more comprehensive subsequent examina- 
tion may be summarised thus: the acicular irons 
rapidly changed in structure at temperatures of the 
order of 600 deg. C. to 750 deg. C. (1,112 deg. F. to 1,382 
deg. F.) and the carbides assumed the spheroidal 
form, as did the carbides of the (unalloyed) pearlitic 
irons. The mechanical tests taken on the pearlitic 
irons confirmed previous findings, in that the tensile 
strength and hardness diminished with annealing time. 
The tests taken on the acicular irons showed that they 
were similar to what might have been expected from 
alloyed cast iron in the pearlitic condition. In other 
words, acicular cast irons cannot be expected to main- 
tain their special mechanical properties at tempera- 
tures at which the acicular structure is likely to break 
down. It is provisionally suggested that acicular irons 
should not be used at temperatures fluctuating, inter- 
mittent or permanent, in excess of 300 deg. C. (572 
deg. F.) and generally should be regarded as not 
superior to high-duty pearlitic irons at elevated tem- 
peratures, it being understood that neither type is 
intended as a heat-resisting iron. However, the alloy 
content, close grain and hardness of the acicular irons 
give them the maximum degree of resistance that the 
structure permits. 

Acicular irons have proved of exceptional value 
during the war for shell forging dies, stamping dies for 
light alloys and other non-ferrous metals and steels, 
cast camshafts and cranksbafts for petrol and oil 
engines and compressors, lathe-tool shanks and other 
machine-tool components where high strength coupled 
with high shock-resistance and good damping prope rties 
are required. The thermal treatment gives chem 
excellent stability and freedom from distortion on 
machining, by relieving casting stresses. Thus, shell 
dies for 25-pounder shells gave a life four to ten times 
that of good quality engineering iron, one example 
giving a throughput of 62,000 forgings compared with 
an average of 8,000 for grey-iron dies. 

The experimental work by the British Cast Iron 
Research Association, under the direction of the 
Reporter, was carried out by Mr. H. Morrogh and Mr. 





J. W. Grant. 


PNEUMATIC DECKING AND CONTROL PLANT. 


WESTINGHOUSE BRAKE AND 








Fie. 1. 


PNEUMATIC DECKING AND 
CONTROL PLANT FOR 
COLLIERY TUBS. 


WHEN No. 1 and No. 2 shafts were sunk at the Bold 
Pit of the Sutton Heath and Lea Green Collieries, St. 
Helens, Lancashire, it was arranged that the ventila- 
tion system of the mine should be supplied with air 
through them. No. 1 shaft was utilised as the upcast 
and, in order that the necessary pressure could be main- 
tained, was provided with an air lock at the pit bank 
for handling the full and empty tubs. As No. 2 shaft 
was utilised as the downcast no air lock was necessary 
with it. These shafts, however, have been sunk 
recently to new levels; and to deal with the increased 
output which is expected to result, arrangements bave 
been made for handling the tubs more expeditiously. 
For this purpose power decking plant, which will require 
a minimum of labour for its operation, has been sup- 
plied by the Westinghouse Brake and Signal Company, 
Limited, 82, York-way, Kings Cross, London, N.1. 
This plant, which is installed at the upper end of No. 1 
shaft, is of the all-pneumatic type and is worked in 
connection with the original electro-pneumatically 
operated doors of the air lock, which have been 
retained. It consists essentially of a number of devices 
by means of which the movements of the tubs into and 
out of the air lock and cages can be controlled, and 
ensures that these movements will be safely and rapidly 
effected. 

The double-deck cages used are decked at one level 
and, as shown in the diagram, Fig. 4, opposite, the 
empty tubs from the screens to No. 1 shaft are raised 
by a creeper to the level of the “‘ empties ” air lock ; 
and are held clear of the doors of that lock by the 
tub controller a. This controller consists essenti- 
ally of a massive steel star wheel, which is supported 
in a steel box and is bolted down to the track. 
When free, the wheel is turned by the tub axles as 
they pass, but when locked it prevents them from 
moving forward. Each star wheel has four prongs, 
as four tubs, i.e., eight axles, have to be dealt with at 
a time, and the locking mechanism, which is actuated 
by the counter mentioned below, allows it to make two 
complete revolutions at a time. An anti-spin pawl is 
provided to ensure that the controller makes only a 
quarter of a revolution each time a tub passes and does 
not continue to spin and so get out of step. When 
the empties air lock, the interior of which is visible 
in Fig. 2, opposite, contains no tubs, the door 6 is 
automatically raised and the tub controller a is un- 
locked. Four tubs are then allowed to run forward, 
after which the controller re-locks and holds back any 
further tubs. As these tubs enter the air lock in which 
the pressure is 1-33 in. water gauge, they operate the 
axle counter c (which can be seen in Fig. 3, opposite). 
This counter records the number of axles as they pass 
and is generally similar in desigu to the tub controller 
mentioned above. The star wheel, however, is able to 
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rotate at any time, and is also arranged to operate a 
number of air valves in varying sequence. After passing 
the axle counter, the tubs run down to the stops d, 
which hold them clear of the exit doors e. These stops, 
which are visible in the background of Fig. 2, consist of 
two long slightly inclined ramps which are fixed between 
the running rails. They are arranged so that, when they 
are in the raised position, the axles of the tubs run up 
them and are caught by a stop at the farther and upper 
end. The ramps are spring-loaded to ensure that the 
tubs come to rest without undue shock. They are 
lowered pneumatically, when it is necessary for the tubs 
to pass over them. As soon as the entrance door 6 
has been proved fully shut by means of the air valve 
attached to it, the exit door e of the lock automatically 
opens. The banksman’s assistant. therefore. is able 
to see that further tubs are awaiting his attention. 
The doors themselves are of the vertical lifting type 
and are operated pneumatically by a long-stroke piston. 
The cylinder in which this piston works can be used 
to produce a cushioning effect, in order to control the 
speed of the descending door. 

The tub stop d is controlled semi-automatically by 
the banksman’s assistant from a control valve f at the 
main cage. This valve has one neutral and two work- 
ing positions, one of which sets the points for Track 1 
and the other those for Track 2. In both positions the 
tub stops d are lowered, but interlocking is pro- 
vided to ensure that lowering will not occur unless 
the exit door e is open and that the tubs will be 
released alternately to the two tracks, which are illus- 
trated in Fig. 3. The tubs then run along Track 1 
over the rear scotches g,, which have been lowered by 
placing the control valve in the appropriate position, 
as far as the front scotches h,, being checked on the way 
by automatic retarders. When the control valve is 
returned to the neutral position, the rear scotches g, 
are placed on the rails in front of the two rear tubs. 
The axle counter i then proves that the tubs are clear 
of the exit door e and closes it. 

When the door has been proved shut, the entrance 
door 6 again opens, so that four more tubs can run into 
the air lock. When the tubs have been proved as 
already described, the exit door e opens and the banks- 
man’s assistant moves the control valve f to the position 
which sets the points for Track 2 and releases the tub 
stop d. The four tubs from the air lock then run u 
to the front scotches h, over the rear scotches g, oat 
the automatic retarders. The door e will now close 
until the air lock is filled again, when it will be re- 
opened. Tub stop d, however, will not be lowered 
until the control valve is again put back into the 
position which sets the points for Track 1. The 
sequence of operations described above is then repeated, 
the tubs being directed first on to one track and then 
on to the other. To provide for occasions when it 


may be necessary to vary this procedure, a change-over 
valve has been included. 


No. 1 cage operates the valve k, when it reaches the 
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pit top, with two full tubs on each deck, and 
two empty tubs are standing at the front scotches 
h,. This valve controls the automatic operation 
of the gates 1, and m,, thus enabling the decking 
plant to be brought into action when the banksman’s 
assistant moves the handle of the decking control valve. 
This movement first removes the scotches h,, so that a 
ram, which is located just behind the axle of the rear 
tub, moves forward and pushes the two empty tubs 
into the cage. These tubs, in tum., push the full! tubs off 
and are retained in the cage by the mechanically-oper- 
ated controller n,. When the handle of the decking 
valve is reversed, the ram moves in the opposite direc- 
tion, and at the same time the forward scotches A, are 
placed on the rails. The rear scotches g, are then 
fulled off, so that the next two empty tubs can run 
forward. As they do this, they pass over and depress 
the pushing arm on the ram. This ram is spring-loaded, 
so that it rises behind the last axle and is ready for the 
next push. The decking valve is then placed in the 








neutral position ready for the next cycle of operations. 
It should be noted that only one pair of scotches at a 
time can be removed from the rails, and that the front 
scotches are removed before the ram moves forward. 
There is thus no possibility of a tub becoming jammed 
between the pushing arm of the ram and the front 
scotches. The ram must also be returned to its original 
position before the scotches can be removed for another 
tub, thus ensuring that the equipment is ready, when 
required, for the next cycle of operations. It may be 
mentioned that, at the Bold Pit, the cage is raised so 
that the lower deck is unloaded first. It is then lowered 
for the upper deck to be dealt with as just described. 
This sequence of operations is repeated on Track 2 
when the second cage reaches the surface. 

As an additional safeguard against the tubs over- 
running the forward scotches, heavy single-span gates 
of the buffer type are placed at the running-on side of 
the shaft. These gates are provided with large oper- 
ating cylinders, which enable them to be opened 











Fie. 3. Ports Conrrou ouTsipE “ Emptres” Ark Lock, 


rapidly. Lighter gates of the double-leaf type are 
fitted on the running-off side of the shaft. 

The banksman, who is stationed at o on the running- 
off side of the deck, releases the mechanical tub 
controlJer n, on the cage immediately it arrives at the 
decking position. After leaving the cage, the full tubs 
run over the 10-ft. long tub stops p,, which are lowered 
provided the “fulls” air lock is empty and the 
entrance door q is raised. A view looking into the 
‘* fulls ” air lock is given in Fig. 1, on the opposite page. 
This shows the tub retarders and tub stops inside the 
air lock and the axle counter outside. Usually the 
stops operate automatically, but they can be controlled 
by the banksman if at any time it is desired to send 
more than two pairs of tubs down the same track. 
The full tubs run over an axle counter at 7, which 
proves the passage of four tubs. As the tubs are 
full, and, therefore, heavier than those passing 
through the empties air lock, an automatic retarder 
is provided at s to check the speed before the tub 
stops ¢ are reached. When the axle counter has 
proved the numbers in, the door q is closed, the door u 
is opened, and the tub stop ¢ is lowered, all these opera- 
tions being effected automatically. The tubs are then 
permitted to run out over the axle counter v. When 
four tubs have passed this point, the door wu is closed, 
the tub stop ¢ raised, and the door qg is opened ready for 
the next four vehicles. Final contro] is provided by 
a retarder near the head of the down creeper. These 
tub retarders are of the single-sided type and consist 
of a hinged L-shaped beam. This beam replaces one 
of the running rails, a flat plate being fixed on the 
outside of the other. The beam is hinged so that 
it tilts when the tub runs on to the retarder, thus 
gripping the wheels between itself and the plate. 
This arrangement has the advantage that the retarda- 
tion varies with the weight of the tub. A pneumatic 
cylinder is fitted so that the retarder may be released 
when required. Similar operations control the move- 
ment of the tubs from No. 2 cage into the “ fulls ” air 
lock. 

At No. 2 pit, which is the down-cast shaft, the layout 
is simpler owing to the absence of air locks. At this 
position, the empties run straight down the gantry 
from the screens to the scotch blocks. They are, 
however, controlled at two points by automatic 
retarders, which can be released from a point near 
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the pit bank. The plant consists of two rams with 
their two pairs of near and forward scotch blocks, 
double-leaf gates on both sides of the shaft, and “‘ in- 
line” valves by which the working is controlled. An 
interesting point is that the air piping at this point 
is laid in an underground chamber, with the result 
that no trouble was experienced with freezing during 
last winter’s severe weather. The air supply for the 
plant described above is provided by a David Adamson 
mixed-pressure turbo-blower set with a capacity of 
6,600 cub. ft. per minute at a pressure of 80 Ib. per 
square inch, and by a Walker horizontal steam-driven 
set with a capacity of 3,000 cub. ft. per minute at the 
same pressure. To operate the decking plant this 
pressure is reduced to 60 Ib. per square inch. 

The installation described has been in operation for 
about a year, and, although the shafts are 900 yards 
deep and each cage has to be decked twice, 50 winds 
per hour are achieved. The only labour necessary is 
the banksman and his assistant. 





ALL-STAGE RADIO VALVE. 


A PAPER dealing with a new “ all-stage,” or multi- 
purpose, thermionic valve was read before the London 
Section of the British Institution of Radio Engineers 
on Thursday, December 11, by Mr. J. A. Sargrove. 
To produce the most inexpensive radio receiver, said 
the author, it was essential to rationalise valve require- 
ments; and the valve described, be said, was 
capable of meeting the largest possible number of 
applications. The advantages of such an all-stage 
valve were interchangeability ; greater uniformity of 
performance, owing to the larger number of one type 
required and the possibility of continuous production ; 
and acceptability of wider production tolerances by 
dividing the good valves into groups suitable for only 
certain stages in the receiver, thus increasing the 
production yield and reducing the cost by minimising 
the number of rejects. 

The object, therefore, had been to produce a valve 
which would conform to these requirements at a low 
cost and would occupy only a small-volume bulb. 
This had been done by devising a screened beam 
tetrode, the structure of which was split into two 
halves along the cathode axis. In this way, a double 
tetrode was obtained with substantially the same 
amount of material as if it had not been split. The 
two beam-forming plates were of E-cross section, their 
centre limbs being placed very close to the narrow edges 
of the flat cathode, so that with the latter they formed 
@ separating screen between the two half-systems of 
the valve. The outer limbs of the E-plates acted as 
beam-forming electrodes, as well as screens between 
the anode and control grids. The grids, which were 
used partly for control and partly for acceleration, were 
ladder-like structures with the same number of wires 
per inch. In order that the anode current should be 
high at comparatively low voltages, they were open- 
meshed and were placed close to the cathode. The 
accelerator grid wires were aligned behind the control 
grid wires by a novel method of manufacture, which 
ensured that they and side rods were substantially at 
right angles. Wing-type screens shielded the anode 
leads from each other as well as from all the other 
electrodes. To enable the characteristics of the valve, 
when used as a whole or in separate halves, to be 
varied, both halves of the accelerator grid wee brought 
out. To do this, as well as to accommodate the two 
control grids and two anode connections, one cathode 
and two heater leads, a nine-pin base was necessary. 
This incorporated nine 1-mm. diameter pins, } in. long, 
which were arranged on a }-in. diameter pitch circle. 
These pins were placed 36 deg. apart, except at one 
place, where the spacing was 72 deg. 

When used as a power amplifier, the new valve had 
an anode dissipation of about 3} watts, and with an 
anode voltage of 90 would give an output of more 
than 1 watt. By decreasing the accelerator potential 
to +15 volts, a high-impedance valve was obtained, 
which could be used for voltage-amplifier stages with 
a slope of 4-5 milli-amperes per volt. If +10 volts 
was applied to the accelerator on one side of the 
cathode and 25 volts on the other, a variable-mu valve 
was obtained, while if the accelerator grids were 
fed through resistors at 90-volts, a ‘“‘ remote cut- 
off ” valve was produced. Each half system could 
be made into a triode in three different ways to produce 
either a high-slope low-impedance valve suitable for 
use as an oscillator, when the other half was employed 
as a tetrode mixer; to give a characteristic, which 
lay mainly on the positive side of the zero grid volt 
axis and was suitable for a positive drive power amplifier 
or as a high-impedance voltage amplifier; or as a 
valve with no impedance intermediate between the 
other two means of connection. The two half-systems 
could also be used as bi-phase rectifiers, while other 
applications of the valve were as a mixer oscillator, 
bi-phase demodulator, as for radio-frequency ampli- 
fication. 
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PERSONAL. 


Str GeorcGe E. Bartey, C.B.E., M.Sc., M.LE.E., 
M.1.Mech.E., on assuming the office of full-time deputy 
chairman of Associated Electrical Industries, Limited, 
will relinquish his position as managing director on 
January 1, 1948. Dr. H.W. HvuGH WARREN, M.I.E.E., 
M.I.Mech.E., the present deputy managing director, 
will be appointed managing director from January 1, 
1948. 


Mr. E. H. BALL, M.I.E.E., deputy managing director 
of the British Thomson-Houston Company, Limited, is 
to be managing director of this company as from Janu- 
ary 1, 1948. 


Mr. A. F. Drxon has relinquished his position as chief 
engineer of the Brightside Foundry and Engineering 
Company, Limited, Sheffield, on reachivg the retiring 
age, but will continue to serve the company as consultant. 
Mr. WILLIAM UDALL, A.M.I.Mech.E., A.M.I.P.E., has 
been appointed chief engineer of the firm as from January 
1, 1948. 


Mr. W. J. EVERARD has been re-elected chairman and 
Mr. J. W. DuNncCAN, vice-chairman, of the Coasting and 
Home-Trade Tramp Section of the Chamber of Shipping 
of the United Kingdom, Bury-court, St. Mary Axe, 
London, E.C.3. 


Mr. F. A. MARTIN has been elected chairman of the 
British Steel Founders’ Association for the ensuing year. 
Mr. F. W. Rowe has been elected vice-chairman and 
Messrs. PEAT, MARWICK, MITCHELL AND COMPANY have 
been re-elected secretaries of the Association. 


Mr. L. CopELAND Watts has been nominated, by the 
Council of the Institution, to be President of the Institu 
tion of Heating and Ventilating Engineers, 75, Eaton- 
place, Belgrave Square, London, S.W.1, for the session 
1948-49 


Mr. DAVID JACKSON has been appointed joint managing 
director, with Mr. E. I. Mavor, of Messrs. Mavor and 
Coulson, Limited, Bridgeton, Glasgow, S-E. Mr. Jackson 
will have the special direction of the works and will deal 
also with all technical and production matters. MR. 
J. B. Mavor has relinquished his post as joint managing 
director, but remains chairman of the company. 


Sir GEORGE ELLISTON, M.C., has been re-elected Presi- 
dent of the National Smoke Abatement Society, Chandos 
House, Buckingham Gate, London, S.W.1, for the 
ensuing year. Str ERNEST Situ, C.B.E., D.Sc., has been 
re-elected honorary treasurer of the Society. 


Mr. E. S. Boorn, M.Eng. (L’pool), A-.M.I.E.E., 
A.M.I.Mech.E., who was appointed Deputy City Elec- 
trical Engineer, Salford Corporation Electricity Supply, 
in August, 1946, has now been promoted to the position 
of City Electrical Engineer in succession to MR. L. 
ROMERO, M.I.E.E., who retired last April. 


Mr. C. F. J. Liste, B.Sc. (B’ham), M.Inst.W.E., 
A.M.1.C.E., Deputy Engineer to the Tees Valley Water 
Board, Middlesbrough, has been appointed water engi- 
neer and manager to the Tynemouth Corporation. Mr. 
G. M. THompson, A.M.Inst.W.E., previously assistant 
engineer to the Tees Valley Water Board, has succeeded 
Mr. Lisle as Deputy Engineer. 


Mr. A. F. SCARGILL, A.M.1.E.E., who has been mains 
engineer to the Batley Corporation Electricity Depart- 
ment since 1931, is to be Borough Electrical Engineer, in 
succession to Mr. Percy M. MaXwELL, A.M.I.E.E., who 
is retiring on December 31. 


Mr. W. SZWANDER, Dipl. Ing. (Warsaw) M.I.E.E.- 
has been appointed chief technical assistant in the Belfast 
Electricity Department. He is a naturalised British 
subject of Polish origin. 


Messrs. HADFIELDS LIMITED, East Hecla Works, 
Sheffield, 9, announce the appointment of four additional 
local directors. They are Mr. D. DiagBy HAwLey, M-C., 
manager of the sales department ; Mr. ALEC JACK, 
B.Met., recently appointed London manager; Dr. J. R. 
Rait, A.R.T.C., the research controller; and Mr. F. 
Cousans, F.I.M., the foundry controller. These appoint- 
ments have effect as from January 1, 1948. 


Mr. R. H. CuTrHBertTsON, B.Sc. (Edin.), A.M.L.C.E., 
is resigning his position of water engineer and manager 
to the Corporation of Dundee to become a partner in the 
firm of Messrs. J. and A. Leslie and Reid, consulting 
engineers, Edinburgh. 


Mr. I. MANNING and Mr. P. A. MorGAN have joined 
the technical staffs of Messrs. Imperial Chemical Indus- 
tries, Limited. Mr. Manning has been made assistant 
technical officer (metallurgy) with the Billingham Divi- 
sion ; while Mr. Morgan has been attached to the research 
department, Metals Division, Birmingham. 


Mr. J. R Coins, A.M.Inst.W.E., previously on the 
staff of the Metropolitan Water Board, has been ap- 
pointed deputy water engineer and manager to the 
Corporation of Watford. 
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NOTES FROM THE NORTH. 
GLascow, Tuesday. 


Scottish Steel.—Deliveries of steel to consumers have 
been on an impressive scale, and marine-engineering 
works and shipyards, in particular, have been receiving 
excellent supplics. Fairly satisfactory quantities of 
billets, slabs, and sheet bars have been received by the 
re-rollers, but increased quantities of semies are still 
required for full-capacity working. With regard to 
billets, the main shortage is in the smaller sizes, and 
re-rollers producing small sections and bars are not fully 
employed. Sheetmakers’ light mills are still working at 
less than full capacity owing to the inadequate supply of 
sheet bars, the shortage in production amounting on the 
average to 20 per cent., but the heavy mills have been 
better supplied, and substantial tonnages of tube strips 
and ¥,-in. plates have been obtained. Steelmakers and 
re-rollers have been busily engaged on the execution of 
priority orders from power-plant producers and wagon 
builders. In the West of Scotland, the latter are working 
at full capacity. 

Scottish Coal.—The output of deep-mined coal in the 
four Scottish coalfields has been maintained at almost 
record proportions. There have been the inevitable crop 
of local disputes, entailing some loss of output, but the 
tonnage has been relatively small. Lanarkshire has been 
the principal sufferer in this respect, but the improvement 
in labour relations in the past five or six weeks, in both 
the Central West and Central East sections of the area, 
has been notable. There are several anomalies in wages 
that might give rise to problems, the solution of which, 
without any interruption of production, would present 
the administration with considerable difficulty, but the 
miners have ‘been proving themselves more reasonable 
lately when matters of difference have reached the 
negotiation stage, and hopes are entertained that any 
major disputes that may have to be faced, will be settled 
in the future with less grievous losses than hitherto. 
The better spirit has also been reflected in an improve- 
ment in the individual efforts of the men, and weekly 
outputs are ranging between 490,000 and 495,000 tons, 
with Lanarkshire producing about 200,000 tons of the 
total. Consumption has been lower recently on account 
of a spell of mild weather, and a technical surplus, suffici- 
ent to meet the temporary export programme, has been 
available. Supplies to users have been at full allocation 
level. The public utilities are well placed for fuel at 
present, although the inclusion of dross in the deliveries 
to electric power stations has lowered the overall generat- 
ing efficiency slightly. Deliveries of coking coal to the 
coke ovens have been the best for some con3iderable time, 
but it is proving practically impossible to increase the 
production of metallurgical coke. 











NOTES FROM THE SOUTH-WEST. 


CARDIFF, Tuesday. 

The Welsh Coal Trade.—Prospects for the export 
trade, which recently made a small beginning after 
having been in suspension since the fuel crisis of last 
year, claimed chief attention on the Welsh steam-coal 
market last week. It was reported that there had been 
some delay in concluding business in respect of 4,000 
tons for Portugal and that these buyers had called for 
an analysis of the fuel to be supplied. In the meantime, 
however, other buyers in Lisbon had concluded arrange- 
ments for the supply of 4,200 tons of Welsh coals. It 
was announced, during the week, that the price of bunker 
coals for supply at the Channel ports had been increased 
to 80s. per ton in respect of best large sorts, 72s. 6d. per 
ton for unscreened semi-bituminous sorts, and 77s. 6d. 
per ton for treated smalls. These prices, which come 
into operation on January 1, are all f.o.b. and exclude 
the shippers’ remuneration. The home demand has 
been very active and most operators hold well-filled 
order books from these sources. All the better qualities 
are being steadily absorbed by inland users, but the 
shortage of railway wagons has caused some accumula- 
tion of stocks at certain collieries. As yet, these are 
not unduly heavy, but hopes are entertained that the 
export trade may benefit as a result. The wagons could 
be returned to the collieries quicker from the docks 
than from the more distant inland consumers, and it is 
hoped that this will influence the release of additional 
quantities for shipment. Bunker coals continued in 
strong demand. There was hardly any coke or patent 
fuel on offer for early delivery to “meet a sustained 
demand from inland. 

Swansea Steel-Sheet Industry—Tbe market report 
issued by the Incorporated Swansea Exchange states 
that, last week, the home demand for tin-plates was 
well maintained and a fairly satisfactory amount of 
business was transacted. Although the demand was 
good, the export market was quiet owing to the limited 
quantities available for disposal. Steel sheets are 
unchanged and the difficulty of obtaining supplies is 
unabated. Iron and steel scrap is not plentiful and users 
ure eager to secure supplies. 





NOTES FROM SOUTH YORKSHIRE. 








SHEFFIELD, Tuesday. 


Iron and Steel.—Pig iron is being heavily drawn upon 
to make up the deficiencies in ferrous scrap. Steel 
production during the year has reached high proportions, 
and in some qualities has exceeded pre-war output. 
There is still a shortage of high-carbon steels, which is 
retarding operations at agricultural steel and tool works. 
Steelmakers who have converted plant under licence 
from coal to fuel-oil consumption are not affected by the 
decision to restrict the use of fuel oil, but those who have 
been experimenting with a change-over without sanction 
are affected by the ban. Power cuts are few and far 
between under the organised system of staggered hours 
of working, but the test will come in the New Year, 
when gas and electricity consumption is always at its 
highest. Works holidays are of the usual duration ; 
arrangements have been made for fairly extensive over- 
hauls and repairs of plant and machinery. Ample 
supplies of gas are being produced and distributed 
through the South Yorkshire gas grid and other pipe 
lines from coke works. 


South Yorkshire Coal Trade.—There is now full opera- 
tion of the longer working week in the coalfield, and 
output is steadily increasing. Transport difficulties are 
now the chief hindrance to the continuous supply of 
industrial steams and locomotive hards. Many works 
have been able to conserve part of their deliveries of 
coal and make small additions to their reserve stocks. 
Hard coke is in short supply and stocks are low; gas 
coke is in fair supply. Deliveries of house coal on a 
smaller scale than the scheduled quantities are permitting 
the diversion of some qualities to industry and to gas 
and coke works. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Tuesday. 


General Situation.—The total tonnage output of iron 
and steel in the North-Eastern area remains at a very 
high level but still falls considerably short of the heavy 
demand. A welcome increase in the yield of Cleveland 
ironstone can be reported, but the output does not yet 
cope fully with current needs. The average weekly pro- 
duction in October was 17,300 tons, compared with 
14,700 tons in September. Although pig-iron supplies 
are increasing, consumers continue to complain that the 
tonnage available is short of requirements and that 
adequate quantities of both foundry and steelworks 
scrap are unobtainable. Makers of semi-finished steel 
cannot cope with the needs of users and the demand for 
all classes of finished steel is much greater than manu- 
facturers can handle. The satisfactory manipulation of 
the supply of wagons is enabling large quantities of 
material to be cleared which hitherto impeded operations 
at the works. 


Foundry and Basic Iron.—Consumers of ordinary 
foundry pig-iron are receiving rather better deliveries 
than of late, but still need larger quantities than are 
obtainable. Considerable improvement in supplies is 
likely in the near future. The shortage of heavy cast- 
iron scrap and inadequate deliveries of pig are keeping 
the production of several finished commodities well below 
customers’ urgent requirements. Tbe substantial parcels 
of basic iron reaching the makers’ own consuming plants 
are now insufficient for their present pressing needs, which 
are still increasing. 

Hematite, Low-Phosphorus and Refined Iron.—The dis- 
tributable tonnage of East-Coast hematite is only suffici- 
ent for the actual requirements of regular buyers, and 
the users’ efforts to purchase parcels to replenish their 
depleted stocks are unsuccessful. Low- and medium- 
phosphorus grades of iron are in greater demand than 
producers can meet. The various classes of refined iron 
are in steady request. 

Manufactured Iron and Steel.—Producers of semi- 
finished iron sre asssured of great activity in their plants 
for some time, and the commitments of finished-iron 
manufacturers are as heavy as conditions justify ; the 
demand for all descriptions of stee! is vastly greater than 
the makers can supply. Steel semies, billets and sheet 
bars, are in short supply and in very strong demand. 
As has been the case for many weeks, the pressure for 
larger deliveries of black and galvanised sheets, ship- 
building requisites, railway material and colliery equip- 
ment is still intense. 

Steel Record Production.—The Oargo Fleet Iron Com- 
pany, Limited, Middlesbrough, has joined the record 
breakers by a tilting furnace of 150 tons capacity, 
recently converted to oil firing, turning out 2,035 tons of 
quality steel ingots in a week. This is an all-time output 
record for any steel furnace in the melting shops of the 
Sonrth Durbam-Cargo Fleet group. It is claimed that 
sigher outputs may be achieved if supplies of iron and 





scrap are obtained in sufficient quantity to meet steel 
furnace requirements. 





NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








Roya Society oF ArTs.—Jobn Adam-street, W.C.2. 
Wednesday, December 31, 2.30 p.m. Dr. Mann Juvenile 
Lectures. I. ‘“‘ How We Get Our Coal,” by Dr. F. J. 
North. Wednesday; January 7, 2.30 p.m. II. “ What 
We Do With Our Coal,” by Dr. W. Idris Jones. 


INSTITUTION OF MECHANICAL ENGINEERS.—Friday, 
January 2, 5.30 p.m., Storey’s-gate, St. James’s Park, 
8.W.1. “Modern Cutting Tools and Machine Tool 
Design,” by Mr. O. Eatongh. Friday, January 9, 5.30 
Pp.m., Storey’s-gate, 8.W.1. In conjunction with the 
Applied Mechanics Group. *‘ The Design of Contra-Flow 
Heat Exchangers ” by Professor Ernst Schmidt. AvuTO- 
MOBILE DIVIsiOon. Tuesday, January 6, 6 p.m., Storey’s- 
gate, S.W.1. Chairman’s Address, by Captain G. T. 
Smith-Clarke. 

JUNIOR INSTITUTION OF ENGINEERS.—Friday, January 
2, 6.30 p.m., 39, Victoria-street, 8.W.1. Film Display. 
Friday, January 9, 6.30 p.m., 39, Victoria-street, S.W.1. 
** Gas Turbine Power Plants for Aircraft Propulsion,”’ by 
Mr. R. M. Cracknell. 

INSTITUTE OF ECONOMIC ENGINEERING.—Midland 
Region: Saturday, January 3, 2.30 p.m., Chamber of 
Commerce, 95, New-street, Birmingham, 2. ‘‘ Time and 
Motion Study in the Foundry,” by Mr. O. D. Pollard. 

INSTITUTION OF ELECTRICAL ENGINEERS.—South Mid- 
land Centre: Monday, January 5, 6 p.m., James Watt 
Institute, Birmingham. “Gas, Electricity and Coal 
Economy,” by Mr. P. Schiller. Mersey Centre: Monday, 
January 5, 6.30 p.m., Royal Institution, Colquitt-street, 
Liverpool. ‘“ Electric Traction on the Southern ail- 
way,” by Mr. C. M. Cock. North-Western Centre: Tues- 
day, January 6, 6 p.m., Engineers’ Club, Manchester. 
“ Report on Practical Training of Professional Elect:ical 
Engineers,” presented by Mr. D. B. Hoseason. Southern 
Centre: Wednesday, January 7, 6.30 p.m., Council 
Chambers, Southsea. ‘‘ Neutral Earthing of Three-Phase 
Systems,” by Messrs. J. R. Mortlock and C. M. Dobson. 

INSTITUTION OF PRODUCTION ENGINEERS.—Yorkshire 
Section: Monday, January 5, 7 p.m., Hotel Metropole, 
Leeds. “ Ball and Roller Bearings,” by Mr. F. Hickling. 
Halifax Section: Monday, January 12, 7 p.m., White 
Swan Hotel, Halifax. ‘ Britain’s Industrial Future,” by 
Mr. Lewis C. Ord. Luton Section: Monday, January 12, 
7 p.m., Town Hall, Luton. ‘“ Press Work,” by Mr. A. 
Grainger. Glasgow Section: Thursday, January 15, 
7.30 p.m., 39, Elmbank-crescent, Glasgow. “ Cold 
Upsetting and Thread Rolling,” by Mr. T. C. Parker. 

INSTITUTION OF CIVIL ENGINEERS.—South Wales Asso- 
ciation: Tuesday, January 6, 6 p.m., Institute of 
Engineers, Park-place, Cardiff. ‘‘ Design and Construc- 
tion of Concrete Roads,” by Colonel W. P. Andrews. 
North-Western Associaiion: Thursday, January 8, 6.30 
p.m., Engineers’ Club, Manchester. “ Roads and Their 
Riding Qualities,” by Mr. W. J. O. Scott. 

INSTITUTION OF STRUCTURAL ENGINEERS.—Northern 
Counties Branch : Tuesday, January 6, 6.30 p.m., Cleve- 
land Institute, Corporation-road, Middlesbrough. “‘ Re- 
cent Trends in Structural Welding,” by Mr. O. Bondy. 
Also on Wednesday, January 7, 6.30 p.m., Neville Hall, 
Newcastle-upon-Tyne. Institution: Thursday, January 
8, 6 p.m., 11, Upper Belgrave-street, S.W.1. ‘“‘ The 
Supervision of Civil Engineering and Building Contracts 
in War Time,” by Mr. E. H. Macmillen. 


INSTITUTION OF HEATING AND VENTILATING EN- 
GINEERS.—Wednesday, January 7, 6 p.m., Institution of 
Civil Engineers, Great George-street, S.W.1. ‘‘ Comfort 
Cooling in the Tropics,” by Mr. J. F. L. Grocott. East 
Midlands Branch: Wednesday, January 7, 6.30 p.m., 
College of Technology, Leicester. ‘‘ Objects and Limita- 
tions of Water Treatment,” by Mr. W. Murray. 


INSTITUTE OF BRITISH FOUNDRYMEN.—Lancashire 
Branch : Wednesday, January 7, 7 p.m., Engineers’ Club, 
Manchester. “ Centrifugally and Precision Cast Ferrous 
Alloys for Aircraft Applications ” by Mr. J. F. B. Jackson. 
Scottish Branch: Saturday, January 10, 3 p.m., Royal 
Technical College, Glasgow. ‘‘ Mechanised Bath Pro- 
duction,” by Mr. R. S. M. Jeffrey. 


RoyaL AERONAUTICAL SocreTy.—Preston Branch : 
Wednesday, January 7, 7 p.m., Chamber of Commerce, 
Fishergate, Preston. ‘“ Problems of High-Speed Flight,’’ 
by Mr. D. L. Ellis. 


INSTITUTE OF MeETAIS.—London Local Section: 
Thursday, January, 8, 7 p.m., 4 Grosvenor-gardens, 
Westminster, S.W.1. “Silver,” by Dr. L. B. Hunt. 
Swansea Local Section: Tuesday, January 13, 6.30 p.m., 
Metallurgy Department, University College, Swansea. 
Display of Irdustrial Films. 


MANCHESTER ASSOCIATION OF ENGINEERS.—Friday, 
January 9. 7.30 p.m. College of Technology, Manchester. 
“« Researches Now in Progress in the Cavendish Labora- 
tory,” ty Professor Sir Lawrence Bragg, F.R.S. 
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LONDON, W.C.2. 





We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPte Bar 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
Manager. 





Accounts are ow to “ ENGINEERING,” Ltd. 
Cheques should be crossed “ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 





SUBSCRIPTIONS. 


“ ENGINEERING” may be ordered from any 
ne t in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom and all 
places abroad, with the exception 


of Canada £410 0 


£4 5 0 
Subscribers receiving incomplete copies through 
nts are requested to communicate the fact to 


the Publisher, mentioning the agent’s name and 
address. 





ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the r. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity but absolute regularity cannot be guaranteed. 


The charge for advertisements classified under the 
weer of “ Appointments ,” “ Situations 
Wanted,” “ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
33} per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 

“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 


The Proprietors will not hold themselves responsible 





for advertisers’ blocks left in their possession for more 
than two years. 
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DEVELOPMENT OF DAMS IN 
FRANCE. 


Durina the present century, the increasing 
demands for the generation of hydro-electric power 
and for irrigation schemes has naturally led to 
great improvements in the design and construction 
of dams for the storage and control of vast quantities 
of water in all parts of the world. This, in turn, 
has involved considerable research into the design 
of large dams from the point of view of the distri- 
bution of the stresses and of economy in material, 
as the number of variables is such that each scheme 
must be considered on its merits, for a number of 
reasons. In the case of a river transporting great 
quantities of silt, as, for example, the River Vaal 
with an estimated annual silt burden of 1,200,000 
tons, it is essential to ensure that a dam or barrage 
shall not constitute a trap for the settlement and 
accumulation of large quantities of material brought 
down during periods of flood. With large hydro- 
electric installations, the control of flood water is, 
perhaps, a problem of more frequent occurrence 
and of still greater complexity in certain instances, 
of which the Dnieprostroi Dam on the River Dnieper 
is a notable example, in that the gate and spillway 
arrangements there have been designed to pass 
flood water at the rate of 1,250,000 cusecs. Over- 
flow from this cause often passes through channels 
or ducts which discharge on the downstream side 
of the dam at an angle inclined to the direction of the 
valley or gorge, but, in addition to the cost of such 
construction, the practice leaves something to be 
desired in the way of river control. The water, 
by reason of its direction of flow into the river 
below the dam, is apt to make a new course for itself 
and, in the process, to erode the banks and thus 
loosen material that tends to reduce the available 
head. This particular problem was developed in 
considerable detail by Monsieur A. Coyne, Ingénieur 
en Chef des Ponts et Chaussées, in a paper read 
before a joint meeting of the Institution of Civil 
Engineers and the British Section of the Société 
des Ingénieurs Civils de France, on Tuesday, 
November 25, under the title of “‘ Latest Develop- 





ments of Dams and Hydro-Electric Power Stations 
in France.” 

At times of heavy flood it is clearly desirable to 
allow the water to reach its natural course on the 
downstream side of the dam by the shortest possible 
path, which means that the water should flow 


6 over the dam itself. With most French rivers, 


however, the topography is such that the hydraulic 


g | turbines must be placed as close as possible to the 


toe, or foot, of the dam. In the construction of 
lAigle Dam, on the River Dordogne, an additional 
factor entered into the problem, owing to the circum- 
stance that the plans for this hydro-electric station, 
of 240,000 kW capacity, were prepared in the years 
1938 and 1939. In consequence, it was decided to 
protect the installation against air attack by embody- 
ing the power-station in the dam proper and arrang- 
ing matters generally so that the machinery was 
protected by a roof of concrete 10 ft. in thickness, 
sufficiently strong to withstand the direct impact of 


_|atwo-ton bomb. The structure is, in fact, a fortified 


place, as may be gathered from its architectural 
features. To meet these and other requirements, 
it was decided to discharge the flood water over the 
middle section of the dam and down an open channel, 
at the lower end of which the water is deflected 
so as to have considerable horizontal and vertical 
components of velocity, like a skier at the instant 
of leaving the banked-up snow at the beginning 
of a jump. On entering this part of the structure, 
which is appropriately called the ‘“ski-jump,” the 
water is given rotatory motion of such magnitude 
as to cause it, during its subsequent flight through 
the air, to spread out fanwise in height and in 
length, but not in width, and, eventually, to fall 
into the river in the form of finely divided particles, 
200 ft. or more away from the dam in the down- 
stream direction In the course of this flight the 
water entrains air that serves the dual purpose of 
braking the impact and damping the eddies in the 
crater thus formed in the bed of the river, a point 
of primary importance in view of the fact that rocks 
weighing 100 tons and more have been carried 
downstream at l’Aigle Dam when the discharge 
over the jump amounted to 28,200 cusecs or, what 
is the same thing, when the rate of energy dissipated 
in this way was of the order of one million horse- 
power. 

Information on the subsequent changes in the 
river bed will continue to interest engineers for 
some years to come, since the loose blocks of rock 
settle near the edge of the crater and contribute 
to the formation of a bar which may gradually rise 
about 10 ft. above the downstream, level of the 
river, thereby reducing the available head. Under 
favourable conditions as to the place of impact of 
the overflow, the depth of the crater may be 
restricted to 80 ft. or less, but, even so, the effect 
of turbulence there on fisheries will be a matter 
for careful consideration in instances where fish- 
passes form an essential part of the dam. Erosion 
also will be affected by the action of a crater of this 
size, as may be inferred from the remark that an 
overflow of 20 hours duration at the rate of 28,200 
cusecs was followed by a 20-ft. lowering of the 
river bed into alluvial strata overlying hard gniess 
rock, and this action is probably not yet completed. 
The raising of the water level by an amount of 
rather more than 8 ft. downstream in relation to 
the bar, due to the formation of that obstacle, is 
partly compensated by the fall of 10 ft. in the 
level of the water on the upstream side of the position 
of impact, which has been brought about by the 
suction-effect of the violent impact of water at an 
acute angle. Nevertheless, information on the 
train of events following the proposed removal of 
the bar by dredging about 25,000 cubic yards of 
debris can hardly fail to be a matter of great practical 
value to those in any way interested in the main- 
tenance and control of large rivers. 

This innovation, which is undoubtedly the most 
important in recent years in this field of engineering 
in France, embraces also the hydro-electric station 
at St. Etienne-Cantalés, on the River Cére, where 
the “ski-jump ” has been designed to pass 35,300 
cusecs. Here the architectural treatment is simpler, 
because the search after unity in arrangement of 
the structural components was not so thorough as 





for lAigle Dam. In both of these schemes, however. 
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there is much to admire in the manner by which 
inherent difficulties have been obviated, in the INDUSTRIAL 


drawing office and in the field, as will be appreciated 
by those who saw the film and slides which were 
shown during the reading of the paper on these 
remarkably compact installations. While the need 
for economy may appeal somewhat to certain traits 
in the French character, the serious reduction of 
materials by the occupying Power on the one hand, 
and the Allied blockade on the other, must have 
aggravated the burdens borne by Monsieur Coyne 
and his staff during the construction of these and 
other works. But, from the information given on 
the arch dams at Farbréges and at Lardit, on the 
River Selves, it would seem that the aim for economy 
in outline and general arrangement, as well as in 
materials, became une des quatre vertus cardinales 
des Ponts et Chaussées. 

In the latter of these dams, two strong abutments 
have been provided for the dual purpose of reducing 
the radius of the arch and circumventing complica- 
tions of topographical origin, with the result that 
the dam, 245 ft. in height above the downstream 
level and 656 ft. in width at the coping level, was 
constructed with only 78,000 cubic yards of con- 
crete. This was effected by anchoring the abut- 
ments to the rock by ties of pre-stressed steel, and 
thus applying a constraint of several thousand tons 
ateachabutment. The St. Michel Dam, in Brittany, 
though constructed over ten years ago, is, perhaps, 
the most typical example of pre-stressed steel. It 
consists of a number of thin arches, 2 ft. 4 in. in 
thickness, with a radius of 50: ft., bearing against 
small buttresses, 3 ft. 3 in. in thickness and at 85 ft. 
centres, founded on rock. The angle with the 
vertical of these arches is relatively small, so as to 
avoid excessive strains at the springing, but the 
shearing stresses on the horizontal joints are rather 
high owing to interruptions in the work of concret- 
ing, and it was considered expedient to reduce them 
by the application of compression, up to 500 tons 
for the highest buttress, through pre-stressed cables 
anchored to the rock. Each cable, which consists 
of 61 parallel wires 0-189 in. in diameter, of steel 
with a minimum elongation of 6 per cent. at rupture 
and an ultimate tensile strength of 76 tons per 
square inch, is anchored on each side of the buttress, 
with the cable bearing on the material through a 
semi-circular cushion in hooped concrete. The pro- 
cess of pre-stressing was carried out with the aid of 
a jack inserted under the cushion in a groove 16 in. 
in width ; and, on the requisite stress being attained, 
the cushion was packed up with concrete in its final 
position, the jack being removed three or four days 
later. The total cost of this dam, which retains 
139,500,000 cub. ft. of water under a head of 
nearly 36 ft., is extremely low, being 3 million francs 
in 1937. This is to be attributed mainly to the use 
of pre-stressed steel, one ton of which, it is estimated, 
served purposes which otherwise would have re- 
quired 1,000 tons, or 520 cubic yards, of concrete. 
From the viewpoint of economics, the efficiency of 
the cables is high, since the total cost of them 
amounted to only 120,000 francs. 

The paper is a valuable addition to the literature 
on the subject, for, although some of the dams 
mentioned are small, all are noteworthy for one 
reason or another. The Fumel Dam was constructed 
on old foundations in order that the work to be done 
on the bed of the river, a powerful stream liable to 
heavy flooding, might be minimised. Again, the 
Laurenti Dam, built of broken rock, has been placed 
directly on the alluvial bed of the river, which is a 
mixture of sand, broken stones and pebbles, far 
from being watertight. Here the only precaution 
taken against piping is a protective toe-wall set 
15 ft. deep into the alluvial bed, together with a 
carpet of reinforced concrete extending 36 ft. 
upstream. Although no cement was injected into 
the alluvial strata, on testing under full load the 
loss of water by percolation through the foundations 
of the dam, which is 46 ft. in height, was found 
to be less than five pints a second. Engineers in 
this country will look forward with special interest 
to papers dealing with the large dam now nearing 
compietion at Génissiat, on the River Rhéne, and 
with the development of two large dams, 425 ft. and 
525 ft., respectively, in height, to which the author 
referred in the concluding remarks of his paper. 





APPRENTICESHIP. 


In the preface to A Treatise on Mills and Mill- 
work, published in 1861, Sir William Fairbairn said 
“the millwright of the last century was an itinerant 
engineer and mechanic of high reputation. He 
could handle the axe, the hammer and the plane 
with equal skill and precision ; he could turn, bore 
or forge with the ease and dispatch of one brought 
up to these trades . . . Generally he was a fair 
arithmetician.” This statement is quoted in A 
History of Engineering by Sir Arthur Fleming and 
Mr. H. J. Brocklehurst, who comment that “‘it is 
unnecessary to go so far back as the craft guild stage 
of industrial organisation for evidence that, in 
former times, the apprentice was in very intimate 
contact with the journeyman, and that it was this 
mutual association which enabled the apprentice 
to reproduce so faithfully the skill of his master and 
to advance in the practice of his trade. . . . This 
same condition applied during the industrial revolu- 
tion, but in recent times has practically ceased to 
exist.” 

This change in the conditions of apprenticeship 
has been a necessary corollary to the change in 
industrial methods. In the days of the trade guilds, 
the number of employees in any workshop was 
small and it was possible for the master craftsman 
to give the apprentices individual attention; in 
many cases, they boarded in his house. There was 
considerable official regulation and the Statute of 
Labourers and Apprentices, of 1563, required that 
apprenticeship should be for seven years, and to 
some extent restricted entry. With the onset of 
the industrial revolution this paternal system died 
out, and the Statute was repealed in 1814. With 
the development of the mechanical arts, self-con- 
tained handicrafts gradually became separated into 
a number of specialised trades, but in the earlier 
stages of the period during which engineering was 
taking on the character of a specific industry, 
marked off from various manufacturing processes 
with which it had previously been combined, 
engineers or millwrights still practised a number of 
what have now become individual trades, and some 
years of apprenticeship were required to obtain the 
necessary skill. Tuition, no doubt usually informal 
and not dignified by that name, was given by the 
journeyman in whose company the apprentice spent 
his working hours. 

The main cause of the breakdown of the old 
system of apprenticeship was the introduction of 
machine processes, which resulted in the growth of a 
class of machine minders, with specialised skill in a 
limited field, but with no general all-round training. 
Not infrequently it has been asserted by politicians, 
sociologists and others with no knowledge of the 
matter, that, with the development of machine 
methods and mass production, long apprenticeship 
is unnecessary, since but a brief period is required 
for a new recruit to attain all the skill necessary to 
produce work of first-class quality. The achieve- 
ments of previously-untrained women in the war are 
frequently quoted in support of this idea. It is 
interesting that this baseless notion dates from the 
days of Adam Smith, who, in his Wealth of Nations, 
published in 1776, stated that ‘‘ long apprenticeships 
are altogether unnecessary. The arts . . . such as 
the making of clocks and watches, contain no such 
mystery as to require a long course of instruction. 
The first invention . . . of some of the instruments 
employed in making them must, no doubt, have 
been the work of deep thought ... but when 
. . . fairly invented and . . . well understood, to 
explain to any young man . . . how to apply... 
and how to construct the machines, cannot well 
require more than the lessons of a few weeks.” 

Adam Smith certainly realised that the machines 
had to be constructed, although he mistakenly sup- 
posed that making, say, a bench lathe could be 
taught as easily as the carrying out of a repetition 
operation on it, but his modern followers apparently 
do not realise at all that machinery far more compli- 
cated and accurate than anything that Adam Smith 
knew must be made by someone. An aspect of the 
same idea, that engineering manufacture is now 
merely a matter of manipulating levers in the correct 
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sequence, is contained in oft-repeated reference to 
the ‘‘ decay of craftsmanship.” In the sense that 
craftsmen now have at their disposal machines and 
methods facilitating their procedure and eliminating 
much earlier handwork, the impress of craftsmanshiy 
has altered, but there is nothing new in the matter ; 
craftsmen have always used all the machines and 
tools they could get. So far is craftsmanship from 
having decayed that, say, a modern Diesel engine 
embodies workmanship of a class far surpassing 
anything that Sir William Fairbairn ever saw. 

The methods by which continuity of supply of 
skilled workers is now being assured in Great Britain 
is generally familiar. In many works, apprentice - 
ship courses of various types have been established , 
some catering for college graduates, some for boys of 
secondary-school and technical-school standard, and 
some for boys from primary schools. In many, or 
most, cases, theoretical instruction either in a works 
school or a neighbouring technical school is pro- 
vided. It is not uncommon to operate a special 
apprentices’ shop and to place their works training 
in the hands of special instructors, so that the 
intimate contact with the journeymen, which was 
secured in the early years, when the journeymen 
were perforce the instructors, has been lost to a 
considerable extent. 

As it is of value to those concerned with the 
training of apprentices to learn of the methods and 
procedure followed in other countries and particu - 
larly in the United States, where engineering manu- 
facture has reached such an advanced state of 
development, many works managers and others 
should be interested in a recent American book* 
dealing with the subject. The author, Dr. Bergevin, 
is the Director of Industrial and Adult Education 
at the Anderson Public Schools, Anderson, Indiana. 
The book is concerned with what would here be 
called trade apprentices; the boys or youths are 
drawn from “ public schools,” which in this country 
may be interpreted as primary schools; but the 
majority are those who have passed on to a more 
advanced establishment and become “ high school 
graduates,” which may be taken as equivalent to 
secondary-school standard. The preferable starting 
age is between 17 and 20 and the Apprentice- 
Training Service of the Department of Labor, which 
fathers the scheme, has specified a minimum train- 
ing period of 4,000 hours, but it is stated that the 
majority of apprenticeships extend to about 8,000 
shop hours, in four years. These times do not 
include 144 hours per year of what is termed 
‘related instruction ” in ‘‘ the plant class room or 
in the local public school.” Payment for the first 
1,000 hours is at the rate of 35 per cent. of a journey- 
man’s wage, gradually rising to 90 per cent. for the 
eighth 1,000 hours. r 

The appointment of apprentice supervisors is 
recommended, but it is stated that, except in some 
large organisations, where special instructors are 
employed, “the apprentice must be instructed by 
regular journeymen who are expected, to a large 
degree, to carry on their regular work besides 
instructing.” It is added that ‘this arrangement 
can be carried on very well if the right journeymen 
are selected.” In essence, this system has operated 
in this country for many years, but hardly in the 
formal manner adopted in the American scheme. 
The apprentices pass through several departments. 
Special apprentice shops are not recommended. 
“A good way to cause a rupture in apprentice 
morale is the use of the so-called ‘ incubator ’ type of 
apprentice school where an apprentice is taught 
elementary procedures in a special room and not in 
the regular shop or on the regular job.” It is not 
clear to what extent this system has been adopted 
in the United States, but the author mentions 
several large companies, including General Motors 
Corporation, the Western Electric Company, and 
the Allis-Chalmers Manufacturing Company, in 
terms which suggest that they are using methods of 
this general type, and states, also, that his data 
came from “ many industries and schools all over 
the country.” 








* Industrial Apprenticeship. By Paul Bergevin. 
McGraw-Hill Book Company, Incorporated, 330, West 
42nd-street, New York 18, U.S.A. [Price 2.75 dols.] 
McGraw-Hill Publishing Company, Limited, Aldwych 
House, Aldwych, London, W.C.2. [Price 14s.] 
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NOTES. 


Tue InstrruTion oF MECHANICAL ENGINEERS. 


At a general meeting of the Institution of 
Mechanical Engineers, held in London on Friday, 
December 19, the fourth James Clayton Lecture 
was delivered by Major-General Sir Bertram 
Rowcroft, K.B.E., who took as his subject, “‘ Pro- 
blems Encountered by the Royal Electrical and 
Mechanical Engineers in the Field.” The chair 
was taken by the President, Lord Dudley Gordon, 
D.S.0. Major-General Rowcroft divided his lecture 
into four parts, dealing respectively with guns, 
armoured fighting vehicles, transport vehicles 
generally, and the waterproofing of vehicles in 
preparation for the landings on enemy-occupied 
territory, and interspersed his survey of the several 
sections by showing various instructional films, 
illustrating the points covered. He emphasised, 
however, that the matters selected for presentation 
were no more than typical of the very wide range 
of the work of the Corps, which extended, on the 
mechanical side, from the repair and maintenance of 
pedal bicycles to 15-in. coast-defence guns. As an 
instance of trouble experienced with armaments, 
he took, among others, the case of the 6-pdr. gun, 
as used in tanks and as an anti-tank weapon. These 
troubles took two main forms, one being jamming 
of the barrel within its cradle as a result of thermal 
expansion during rapid firing, and the other, also 
leading to jamming, being due to insufficient 
clearance of the recoil spring within its casing, and 
bowing of the spring because the spring ends were 
not always square with the axis. Under the heading 
of armoured fighting vehicles, General Rowcroft 
dealt particularly with the improvement of forward 
repair facilities, which raised the proportion of 
tanks, etc., which were repaired and returned to 
service in a few hours, immediately behind the 
battle line, from less than 20 per cent. in the early 
Middle-East campaigns, to 83 per cent. in the later 
North African fighting ; a figure which was main- 
tained to the end of the war. The section of the 
lecture dealing with transport vehicles mentioned 
only one serious trouble, this being an extensive 
series of chassis failures, which was cured by the 
attachment of flitch plates to the frame members ; 
this feature was eventually incorporated in new 
vehicles, and proved to be completely successful. 
Finally, the lecturer described in considerable detail 
the procedure evolved for waterproofing vehicles 
to enable them to drive off the landing craft into 
water as much as 5 ft. deep, with waves 18 in. 
high. The Beach Armoured Recovery Vehicles, 
which were converted Sherman tanks used to 
recover waterlogged transport, could remain for 
hours in water up to 10 ft. deep. The net result 
of the careful waterproofing was that 99-85 per 
cent. of the vehicles thus protected reached the shore 
successfully. 


Fuicut DEMONSTRATION OF ALL-WING 
ATRCRAFT. 


The AW 582 all-wing jet-engined aircraft, which has 
now completed approximately five hours’ flying, was 
demonstrated recently at Bitteswell Aerodrome, 
near Rugby, where it was flown by Squadron Leader 
E. Franklin. The machine has been constructed 
by Sir W. G. Armstrong-Whitworth Aircraft, 
Limited, Baginton, near Coventry, to the order of 
the Ministry of Supply. An illustrated descrip- 
tion of the aircraft was given in” ENGINEERING, 
vol. 163, page 9 (1947), so it will only be necessary 
to give brief details here. It has a span of 90 ft. 
and a gross wing area of 1,314 sq. ft., and the all-up 
weight is 30,000 lb. The wing loading is 25 Ib. per 
square foot and the outer portions of the wing are 
swept back, the angle of sweep-back, measured at 
the leading edge, being 35 deg. Longitudinal and 
lateral control are effected by a single control surface 
on each wing, which fulfils the functions of the 
usual elevators and ailerons, and power-operated 
diving flaps are fitted to provide additional control 
during high speed dives. Vertical fins and rudders 
are fitted to the wing tipe, the total area of which is 
75 sq. ft. The aircraft is propelled by two Rolls- 
Royce Nene jet engines, each of which gives a static 
thrust of 5,000 Ib., the engines being almost com- 





pletely enclosed within the wings. A tricycle under- 
carriage, with steerable nose wheel, is fitted and the 
undercarriage has a long vertical travel so that, 
in an emergency, the machine can be flown straight 
on to the ground without flattening out, thus 
facilitating blind landings. The pilot’s compartment 
is pressurised and the pilot is provided with an 
ejectable seat so that, if necessary, he can leave the 
aircraft when flying at the maximum speed. It will 
be used to obtain basic information on the flight 
characteristics of all-wing aircraft having swept- 
back wings and may be considered, therefore, purely 
as a research machine. For this reason, it is fitted 
with a wide range of instruments and all control 
forces and angular displacements will be recorded 
by automatic observers. At the demonstration, 
the aircraft took off after an exceptionally short run 
and appeared to handle well, both when flying and 
during the subsequent landing operation. The 
maximum speed has been estimated as 500 miles an 
hour but, for obvious reasons, the speed during 
preliminary trials was kept well below this figure. 


RECLAMATION OF WALCHEREN. 


The flooding and subsequent reclamation of the 
island of Walcheren were described by Mr. A. den 
Doolaard, the Dutch author and broadcaster, in an 
illustrated lecture which he gave to members of the 
Anglo-Netherlands Society and the Institution of 
Water Engineers, at the Institution of Civil Engineers 
on Tuesday, December 16. In general, the island is 
below sea-level, but is protected by dykes around 
the coast. Mr. den Doolaard recalled the strategical 
reasons which compelled the Allies to flood the island 
from the sea, by bombing the dykes in October, 
1944, and assured his audience that the people of 
Walcheren entertained no hard feelings—indeed, 
they preferred an ordeal by water to an ordeal by 
fire. After the liberation, it was imperative that 
the dykes should be repaired by the winter of 1945- 
46. Owing to the variation in the times of high tide 
at the several gaps, there was a strong flow from the 
sea across the island and, in its normal condition, 
the island protected the lands around the mouth 
of the River Schelde. Because of the dislocation 
caused by the war, and the difficulty of bringing 
craft along mined waterways, it took some time to 
mobilise men and material to repair the breaches. 
During the war, floating cranes had been success- 
fully hidden from the Germans, and these and other 
equipment were brought to the gaps. The Royal 
Engineers rendered valuable assistance, and Flushing 
harbour was soon receiving considerable quantities 
of equipment. Mr. den Doolaard described the 
construction of a very large fascine mattress to 
form the foundation for filling a gap. It consisted 
of three layers of brush-wood sandwiched between 
two grid-like layers of fascines. It was towed to 
the gap, and sunk by weighting it from the centre 
outwards with stones; but, if the mattress was 
not to be swept away by the current, it had to 
be sunk within a few minutes, or even seconds, of 
the turn of the tide. The responsibility for this lay 
with the fascine foreman, who sensed the oppor- 
tune moment by holding a small stone on the end 
of a piece of string in the water. When he felt 
the moment had come, he shouted to his hundred 
men who threw the last stones to sink the mattress. 
Unfortunately, the gap was not filled successfully 
by this means, and after a vain attempt to employ 
floating caissons from Mulberry harbour (much to 
the concern of the local men, who had used fascines 
and clay for generations), a suggestion to use German 
torpedo nets as a backing was adopted and proved 
successful. 


REVISED GENERATING PLANT EXTENSION 
PROGRAMME. 


In consequence of the Government’s decision to 
limit the capacity of electric generating plant, which 
is put into service during 1950 and subsequent 
years, to 1,500 MW per annum, the Central Elec- 
tricity Board have been obliged to review their 
programme of extensions. As originally drafted, 
this programme provided for the installation of 
about 6,000 MW, including 17 new generating sta- 
tions, by the winter of 1950 and, in addition, of 
about 3,923 MW, including 14 further new stations, 
by the winter of 1952, the aggregate estimated 





cost being some 450,000,000/. The programmes 
for 1951 and 1952 have now, however, been reduced 
by 1,636 MW by postponing the following exten- 
sions: one 60-MW set and one 540,000-lb. boiler 
at the Portobello station of the Edinburgh Corpora- 
tion; one 60-MW set and two 360,000-lb. boilers 
at the Carrington station of the Manchester Cor- 
poration and the Sleaford station of the North 
West Midlands Joint Electricity Authority; one 
60-MW set and one 550,000 Ib. boiler at the Skelton 
Grange station of the Leeds Corporation; and 
two 60-MW sets and four 360,000-lb. boilers at the 
Carmarthen Bay station of the Llanelly and District 
Electricity Supply Company. In addition, the 
installation of one 45-MW set and four 180,000-Ib. 
boilers at the Thornhill station of the Yorkshire 
Electric Power Company, and one 40-MW set 
and three 150,000-lb. boilers at the Whitebirk 
station of the Blackburn Corporation, will be 
postponed. The erection of one 30-MW set and 
two 180,000-lb. boilers at the station of the Bolton 
Corporation, and of a set of the same capacity with 
two 190,000-Ib. boilers in the Sculcoates station of 
the Kingston-upon-Hull Corporation, and in the 
station of the Battersea Corporation, will also not 
be proceeded with, neither will the addition of one 
20-MW set and four 120,000-lb. boilers in the 
station of the Lincoln Corporation. 


Tue Prosiems OF BrivisH INDUSTRY. 

Sir Frederick Bain, President of the Federation 
of British Industries, was the guest of the American 
Chamber of Commerce at their monthly luncheon, 
held in London on December 16. In his speech, 
after acknowledging the welcome that he had 
received on his recent visit to the United States, 
and urging that visitors to that country should 
travel across it in order to obtain a just measure 
of its greatness and resources, Sir Frederick pro- 
ceeded to outline some of the present difficulties of 
British industry and the progress made towards 
the restoration of a healthier economic position. 
To say that, because of the war, Britain had become 
industrially a back number was, he declared, super- 
ficial and false: to think so was to commit the 
cardinal error of mistaking temporary difficulties 
for permanent deficiencies. One of the major 
problems was lack of transport, due primarily to the 
postponement, during the war, of necessary main- 
tenance and re-equipment. In October, 1947,° 
there were 200,000 railway wagons awaiting repair, 
compared with 140,000 in the corresponding month 
of 1946 and 60,000 in normal times. Nearly 20 per 
cent. of the locomotives also were out of action. 
When this position was understood by industry, 
special efforts were made to speed up the return of 
wagons, and by various means, including the use of 
voluntary labour, the turn-round was increased by 
over 40 per cent. of the 1946 rate. In textiles, an 
industry which had suffered badly from the 
unbalance of labour distribution, having lost about 
a third of its normal personnel, an increase of 
output of 10 per cent., called for by Sir Stafford 
Cripps in September, had been achieved early in 
November, and production continued to rise. The 
production of steel, too, was highly encouraging 
and had reached levels corresponding to an annual 
rate of more than 14 million tons—a record for the 
industry. The same revitalising forces were to 
be seen in the motor industry and in shipbuilding, 
and coal production was expanding to the extent 
that already some was available for export. The 
country was beginning to see the results of two 
years of hard and difficult work, and he was satisfied 
that, if the food and the raw materials were forth- 
coming, his prophecy that Britain would soon be 
paying its way again in the world would be fulfilled 
more speedily than many had supposed. The 
problem of steel allocation was particularly difficult, 
however, partly because of the lack of expected 
supplies from America at the conclusion of hostili- 
ties ; but it was hoped that the new system of bulk 
allocation, to come into effect in 1948, would 
simplify this matter considerably. 

Free PrEcavTIoNs IN SHIP-REPAIRING. 

In view of the unusually large number of ships 
now in hand for refitting after war service, the fire 
risk always present in ships under repair is greater 
at the present time than the normal, and the subject 
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of “Fire Precautions on Ships under Refit and 
Repair,” on which Mr. E. L. Champness, M.Sc., 
addressed the North-East Coast Institution of 
Engineers and Shipbuilders on December 12, is of 
correspondingly increased importance. The danger, 
Mr. Champness said, arose particularly from the 
conjunction of highly favourable draught conditions 
with the presence of much combustible material and 
the frequent inability to bring the ship’s own fire- 
fighting appliances into action in time to be useful. 
Sabotage, as a cause of fires, was rarely established ; 
carelessness, especially in smoking and in the use of 
temporary electrical wiring, was much more often 
responsible. “It is not very wide of the mark,” 
Mr. Champness considered, ‘“‘to subscribe to the 
generality that C.T.L. [the underwriters’ abbrevia- 
tion for ‘constructive total loss”’] really means 
‘Cigarettes and Temporary Lighting.’” He con- 
sidered it better to recognise the habit of smoking 
and to strive to inculcate greater care than to forbid 
it under pain of instant dismissal and thus enhance 
the risk that burning cigarettes might be thrown 
away on the approach of persons in authority. The 
draught risk, he continued, could be reduced greatly 
by the use of asbestos-cloth screens, which could be 
rolled up during working hours and lowered, at other 
times, to close openings in bulkheads and partitions. 
Fire patrols should be based on shore, in buildings 
provided with heating and tea-making facilities, so 
that they should have no excuse to create fire risks 
on board ; and horizontal searching, starting from 
opposite ends of the ship on alternate decks, was 
better than vertical searching, with each man taking 
a vertical section of the ship, as smouldering on a 
deck below was more readily detected by the former 
method. Mr. Champness added that there was a 
want of a foolproof clock for watchmen, preferably 
with shrouded keys; and that the provision of a 
permanent waterpipe up crane jibs, with a light per- 
manent monitor at the top, could be of great 
assistance in fighting fires on ships in dock. 





LETTERS TO THE EDITOR. 


FORM M. 


To THE Eprror oF ENGINEERING. 

Sm,—Some of our suppliers are notifying us that, 
under instructions from the Iron and Steel Federa- 
tion, they have to cancel orders which we placed 
nearly a year ago and which are shortly due for 
delivery. The Form M is declared to be no longer 
valid, with the object of reducing the arrears of 
authorisations. This may produce a fine result on 
paper, but it is obvious that it must dislocate 
production programmes. If we no longer required 
the steel, we should have cancelled our orders 
ourselves. 

We supply finished articles made from our stock 
material, and at present can give delivery-in about 
one month, compared with 12 months’ delivery of 
replacement raw material. To us a Form M which 
is not honoured is little different from a cheque 
marked “R/D,” which we do not expect from a 
Government department. Is the answer to hold 
up the finished goods until the replacement steel 
arrives, in the same way as we wait for clearance 
of doubtful cheques before dispatching goods ? 
Nowadays, steel is worth more than cash. 

Before the war, large bridges, railway lines, rolling 
stock, tubes, tin cans of every description, were all 
made and the material arrived to time, by ordinary 
commercial processes. They might do so again if 
the clerks who are so busy sending out and receiving 
forms could be set to making goods for export. 

Yours faithfully, 


December 10, 1947. FRUSTRATED. 





THE SUB-ATMOSPHERIC GAS- 
TURBINE CYCLE. 


To THE Eprror oF ENGINEERING. 


Sm,—I have just read Mr. L. Kastner’s letter on 
the Sub-Atmospheric Gas Turbine, published in 
your issue of October 24, 1947, on page 400, in 


has been given to such a cycle. It may be of 
interest to point out that Dr. M. Konig, in a paper 
on gas turbines (N.E. Coast Inst. of Eng. and Ship- 
builders, April 24, 1925), mentions a proposal to use 
such a cycle. 

This gas turbine was intended for locomotive 
propulsion and was to use a partly sub-atmospheric 
cycle. A centrifugal compressor driven directly 
by the turbine supplied air to a combustion chamber 
at 45 lb. per square inch, and, after constant- 
pressure combustion, the gases expanded to 3 lb. 
per square inch absolute, the exhaust gases then 
being compressed to atmospheric pressure by a 
centrifugal compressor on the same shaft. Steam 
was to be raised by the cooling of the exhaust gases 
and admitted to a separate nozzle group of the 
turbine and finally condensed in a regenerator. 

The thermal aspect was disappointing, as with a 
compressor efficiency of the order of 67 per cent., 
exhauster efficiency 65 per cent., and with the wheel- 
case temperature in the turbine only 850 deg. F., 
the efficiency of the cycle worked out at 8 per cent. 
However, with high-efficiency axial compressors 
and the high-temperature materials now available, 
such a cycle should be capable, theoretically, of an 
efficiency of the order of 25 to 30 per cent. The 
cycle, however, has many disadvantages and few 
positive advantages when compared with the 
conventional constant-pressure open-cycle turbine 
now under extensive development. 

Yours faithfully. 
B. E. ELTHAM, 
Inst. Lieut., B.Sc. (Eng.), A.M.I.Mar.E., R.N 
H.MLS. “‘ Faicon,” 
R.N.A.S., Halfar, Malta. 
December 15, 1947. 





FLOW OF BOILING WATER 
THROUGH NOZZLES, ORIFICES 
AND PIPES. 

To THE Eprror oF ENGINEERING. 


Sm,—On page 572 of your issue of December 12, 
1947, a paper by Mr. J. G. Burnell on the above 
subject is reprinted. The latest reference given is 
to the 1944 paper by Benjamin and Miller,* which 
was entirely experimental. On the theoretical 
side, the author has simply repeated the argu- 
ments advanced by Mr. W. T. Bottomley in his 
1936 paper.t These point out the difficulty of 
forming vapour bubbles owing to surface-tension 
action and therefore show that a lag in the vapour 
formation is to be expected ; they do not, however, 
provide a quantitiative theory which can be used 
for calculating the actual rates of discharge through 
nozzles of different diameters and different lengths. 
It should be pointed out that for some time now 
there has been more knowledge of the subject than 
is represented in Mr. Burnell’s paper. A paper 
was given to the North-East Coast Institution of 
Engineers and Shipbuilders at the end of 1945,t in 
which a full theory of the phenomena was presented. 
It was shown that although the actual discharge 
was much greater than in the elementary adiabatic 
theory, it was slightly less than that calculated 
in the proposed theory. In fact, the nozzles have 
approximately their usual discharge coefficient, as 
one would expect for any correct theory. The 
relation between the critical pressure and the initial 
temperature of the water was also deduced as a 
function of the length and diameter of the nozzle, 
and experimental results were found to be in good 
agreement. Finally, a full discussion was given 
of the method of designing drain orifices and 
nozzles on the basis of the proposed theory. 

Yours faithfully, 
R. S. Smver, 

Joint Assistant Director. 
The Gas Research Board, 

1, Grosvenor-place, London, S.W.1. 

December 15, 1947. 





* “The Flow of Saturated Water through Throttling 
Orifices,”” by M. W. Benjamin and J. G. Miller, Trans. 
A.S.M.E., July, 1944. 

t Trans. N.E.C. Inst. of E. and S., vol. 53, page 65 
(1936-37). 

t R..S. Silver and J. A. Mitchell, Trans. N.E.C. Inst. 





which he states that little practical consideration 


of E. and S., vol. 62, page 51, Dec., 1945. 
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MR. BENJAMIN TALBOT. 


TKE news of the death of Mr. Benjamin Talbot, 
after a short illness, at his home at Northallerton, 
Yorkshire, on December 17, will be received with 
regret by engineers and metallurgists in all parts 
of the world. Mr. Talbot, who was chairman and 
managing director of the South Durham Steel and 
Iron Company, Limited, and of the Cargo Fleet 
Iron Company, Limited, Middlesbrough, was born 
in Shropshire in 1864. He was the second son of 
the late Mr. Benjamin Talbot, who owned the 
Castle Ironworks, Wellington, Shropshire, and after 
receiving his education at Fulneck School, near 
Leeds, became an apprentice at the Ebbw Vale 
Steelworks. After completing his time, he became 
an assistant to his father and for some years helped 
in the management of the puddling-furnace plant 
and of the Clapp-Griffith side-blown steel converter 
installation at Wellington. In 1890, Mr. Talbot 
went to the United States to take up the position 
of superintendent of the works of the Southern 
Iron and Steel Company, at Chattanooga, Tennessee. 
Here he introduced the basic-steel process and 
erected two large open-hearth furnaces, and also 
conducted experiments with the high-silicon pig iron 
produced by the Tennessee Coal and Iron Company. 
He conceived the idea of conducting a preliminary 
refining operation in order to reduce the silicon 
content of the iron, and eventually introduced a 
continuous basic-lined refining furnace, or mixer, 
to serve as a reservoir for molten metal for the 
open-hearth furnaces. 

In 1893, Mr. Talbot left Tennessee to take up 
the post of steelworks superintendent of the Pencoyd 
Works, Pennsylvania. He commenced the manu- 
facture of basic open-hearth steél at these works, 
and, in 1899, introduced the continuous steelmaking 
process which bears his name. The process, which 
has been adopted by numerous steelworks through- 
out the world, is essentially a hot-metal process for 
producing steel from molten phosphoric pig iron in 
large tilting open-hearth furnaces, usually of some 
200-tons to 250-tons capacity. An important 
feature of the process is that the furnace is emptied 
completely only at week-ends or for repairs; a 
proportion of finished steel and slag is always left 
inthe furnace, after each topping, to help in dealing 
with the next charge of molten mixer metal. This 
procedure also prolongs the life of the hearth refrac- 
tories. The process, in its essentials, is still employed 
extensively at present, but many improvements and 
developments have been introduced since 1900, 
when Mr. Talbot read his first paper on the subject 
before the Iron and Steel Institute. Mr. Talbot 
was particularly interested in the production of 
sound steel ingots and his paper on segregation, 
read before the Institute in 1905, and two contri- 
butions on the production of sound steel by lateral 
compression, presented in 1913 and 1918, respec- 
tively, attracted much attention. 

In 1901, when the Pencoyd Steel Works were 
absorbed by the United States Steel Corporation, 
Mr. Talbot relinquished his position and returned 
to England, where he devoted his attention to the 
application and development of his continuous 
process. Some years later, he was appointed 
managing director of the Cargo Fleet Iron Company. 
He was subsequently appointed managing director 


and had been chairman of these two companies 
for several years. He joined the Iron and Steel 
Institute in 1900, was awarded the Bessemer 
Medal in 1908, and served as President of the 
Institute and of the National Federation of Iron 
and Steel Manufacturers in 1928. Mr. Talbot 
was elected a member of the Institution of Mech- 
anical Engineers in 1901, and was awarded the 
Elliott Cresson Medal and the John Scott Medal 
of the Franklin Institute, of the State of Penn- 
sylvania, Philadelphia, U.S.A., in 1908. During 
the war of 1914-18, he acted as an adviser to 
the Ministry of Munitions, and, from 1917, also 
served on a departmental committee of the Board 
of Trade to consider the position of the iron and 





steel trades after the war. 





of the South Durham Steel and Iron Company— 
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THE CONTROL OF OVERHEAD 
TRAVELLING CRANES. 


DEALING with the design of control systems, in a 
paper on “ Electrical Aspects of Overhead Travelling 
Cranes,” which was read before the Installations 
Section of the Institution of Electrical Engineers on 
Thursday, November 13, Mr. G. V. Sadler said that the 
tramway-type drum-controller was still widely used. 
Its basic design had varied little for 40 years, although 
during the last 15 years cam-operated contactor con- 
trollers had made some headway in superseding the 
original revolving-drum type. This equipment, how- 
ever, was only suitable for the simplest form of control 
and for small and medium-sized cranes. Direct- 
current systems using drum-controllers comprised 
plain series connections either alone or combined with 
an armature diverter resistor or dynamic-controlled 
lowering on the hoist controller. The advantages of 
the latter system included safety when lowering heavy 
loads, as the speed could not exceed a predetermined 
maximum ; the speed was proportional to the notch 
position; and the weight of the load determined 
whether it was lowered under dynamic braking or 
whether the light hook was driven down by the 
potentiometer control. Among the disadvantages 
were that rather heavy currents were required for driv- 
ing down the light hook and that, although the speed of 
lowering a heavy load could not exceed a predetermined 
maximum, the heavier the load the higher the speed. 

Special consideration must be given to the design 
of the series motor used with potentiometer lowering 
control. Both the iron and copper must be liberal, on 
account of the additional stresses that were imposed. 
In fact, the motor should be capable of at least 15 to 
20 per cent. greater output than it was desired to use ; 
and particular attention should be paid to the insula- 
tion of the commutator and brush gear on account of 
the abnormal voltages that occurred when heavy loads 
were being lowered at high speeds. The moving parts 
should be mechanically robust in view of the braking 
stresses they had to withstand while the descending 
load was being brought to rest. The control gear 
might consist of drum-controllers carrying the line 
current ; or contactor gear and separate master drum- 
controllers. To obtain the best results and longest 
life of motor and control gear, potentiometer control 
however, should not be employed unless contactor 
gear was used. As all the braking stresses had to be 
absorbed in the electrical equipment in a very short time 
and led to voltage rises, which might cause severe 
flash-overs either in the motor or control gear, timing 
devices were usually employed between the resistor 
contactors. Sudden resistance changes were thus 
eliminated, however the master controller itself might 
be abused. As the Electro-mechanical brake did not 
come into action until the motor was practically sta- 
tionary the ideal to be aimed at was to distribute the 
braking stresses between the motor and the brake. 
To do this a double-coil brake had to be used and the 
control circuits had to be suitably modified. The line 
resistors had a rating of less than 5 minutes; and the 
actual rating should be determined with reference to 
the height of lift of the crane since, when lowering, part 
of the resistor was always in circuit and carrying about 
half the full-load current of the motor. 

The efficient functioning of potentiometer control 
depended largely on the correct design of the brake 
solenoid. Where a series brake was employed the 
coil was usually connected in the closed circuit of the 
motor armature and series field; and consequently 
was subject to the current reversals which took place 
in this circuit when heavy loads were being lowered. 
Unless the brake coil was properly designed, hunting 
would develop and this would react on the control 
system. The series brake must be capable of holding 
up its plunger when the current fell to about 10 per 
cent. of the normal full-load value. Where this could 
not be arranged the solenoid coil might be divided into 
two parts, one of which was connected in the closed 
and the other in the line circuit. This would entirely 
eliminate any tendency to hunt under load conditions. 
In order to allow for a fairly high lowering speed, some 
makers arranged for the resistor to pass as low as 5? per 
cent. full-load current on the first hoisting notch. This 
was usually insufficient to sustain the full load of the 
crane in mid-air; and there was a tendency for the 
load to descend when the controller was moved to the 
first hoisting notch. The minimum current passed on 
the first notch in the hoisting direction should be 70 
per cent. full-load current. This, of course, reduced 
the full-load lowering speed ; and a compromise usually 
had to be made when all the conditions that the crane 
had to fulfil were considered. If the current passed 
on the first notch was less than 70 per cent., it would 
not be sufficient to provide a safe retarding torque if 
the driver, when stopping his ascending load in a hurry, 
brought the controller through the “ off’ position 
notch to the first lowering notch. This might be 
dangerous when the hook was near the top of its travel. 
On alternating current systems, drum-controllers were 


used with squirrel-cage motors, with slip-ring motors 
on which several notches of rotor resistor control were 
incorporated in each direction, and with variable-speed 
commutator motors. 

The direct-current systems of control mentioned 
above were all adaptable to contactor control. Owing 
to the higher initial cost, however, it was principally 
to the heavier types of overhead cranes, especially 
steelworks cranes, that magnetic contact equipment 
under the control of master controllers was applied. 
For this purpose, series hoisting with dynamic lowering 
represented the fundamental arrangement of connec- 
tions upon which various contactor schemes had been 
built up. Various refinements had been added, which 
aimed at giving the crane driver a foolproof and easily 
handled control system. This type of equipment, 
coupled with the advanced state of design of the heavy- 
duty direct-current series motor and the virtual elimina- 
tion of commutator troubles, represented a high quality 
crane control system. The value of contactor control, 
with properly designed timing devices, lay in the pro- 
tection given to the motor commutator against exces- 
sive current and in allowing the operator to make 
smooth and quick stops by reversing the motor for 
“* plugging’ in the case of the traverse and travel 
motions. The contro] schemes outlined above for 
alternating-current motors were also applicable to 
contactor control. The modern tendency was to 
employ direct-current operating coils for the alternating- 
current contactors and direct-current brakes. Counter- 
currert braking wes also used. 

Where the size and duty of the overhead crane war- 
ranted the cost, the Ward-Leonard system was an excel- 
lent method of obtaining precision control of the hoisting 
and lowering motion and, if required, of the travelling 
and traversing motions. The motor-generator set 
could be mounted on the bridge girders and controlled 
from regulating equipment in the driver’s cage. This 
svstem enabled the crane to utilise alternating-current 
power for the motor of the motor-generator set. Pro- 
vided that the bare conductor supply system could 
be suitably protected, the use of 1,500 to 3,000 volt 
alternating-current motors enabled economies to be 
effected in the crane distribution system. Metadyne 
control had been used to a limited extent for special - 
purpose heavy-duty overhead cranes, as it gave truly 
constant current and maximum acceleration without 
resistors ; and this was of value when a strict duty cycle 
had to be observed. Regenerative braking could be 
utilised, but the weight, cost and additional mainten- 
ance placed a limit on its widespread adoption. 

A recent development was the employment of an 
alternating-current variable-speed commutator motor 
with pilot-motor driven brushgear on the hoisting 
motion. The motor was of the Schrage type and the 
brush-moving gear was driven by a three-phase squirrel- 
cage pilot motor through worm gearing and a drum-type 
limit switch, which cut off the current to the pilot 
motor at the end of each brush travel. The speed 
range was normally 20 to 1 with a full-load top speed 
of 1,050 r.p.m. Any speed within the range could be 
obtained. The controller used on this system was of 
the tramway type with tbree notches in each direction. 
On the first notch, the motor was connected across the 
line with the brush gear at the low-speed position. 
The second notch left the main motor connected to the 
line, but disconnected the pilot motor, thus enabling 
any speed between slow and fast to be obtained. 
Thus, if the controller was moved to the third notch 
and then moved back to the second aotch, as soon as 
the desired speed had been attained that speed would 
be maintained indefinitely. The motor could only be 
reversed after the brushes had been moved back to 
the low-speed position and, if the controller was mis- 
handled, the motor would stop until the handle had 
been returned to the off position for a moment or two, 
thus enabling the brush gear to move to the low-speed 
position. The average time taken by the brush gear 
to move from the slow to fast position was 14 to 24 
seconds, depending on the size of the motor. The 
torque characteristics throughout the range were con- 
stant and between the highest and lowest speeds indi- 
cated any speed was obtainable at the hook without 
shock either when hoisting or when lowering. When 
lowering the heaviest load there was no possibility that 
the motor would get out of control, as under these 
conditions it acted as a very effective brake, returning 
power to the line. 

A system that had been widely used in recent years 
on light and medium duty cranes consisted of a stan- 
dard slip-ring motor with rotor-resistance control, so 
that the load could be lifted at a low or creeping speed. 
In the lowering direction the torque produced by the 
weight of the descending load 
degrees by an opposing torque provided by the hoisting 
motor, so that lowering speeds from a creeping speed 
to normal full speed were obtainable. An overs 
device was provided to prevent the descending load 
from exceeding a predetermined safe value, thus ren- 
dering the control gear foolproof. Among the numer- 





ous special control schemes that had been devised was 


was balanced in varying | ( 


one in which an auxiliary motor of one-eighth the horse- 
power of the main hoist motor was geared to the main 
motor drive. This enabled a speed of one-tenth full- 
load speed to be made available at the hook in both the 
up and down directions. In another arrangement two 
squirrel-cage motors were mechanically coupled to a 
sun-and-planet gear, so that a low speed could be 
obtained by running the two motors in opposite direc- 
tions ; intermediate speeds by stopping one motor and 
holding one gear train stationary by a brake: and full 
speed by running both motors in parallel in the same 
direction. A variation of this arrangement was to 
employ two slip-ring motors each with its own gear- 
box. The two gearboxes were mechanically coupled 
to the hoisting-drum gearing and the motors were 
controlled from a common drum-controller. 

Another recent development was the use of eddy- 
current slip couplings on overhead crane drives. All 
reversing and speed controls were effected by these 
couplings, which only required a small amount of 
power for excitation. The size of the control gear was 
therefore greatly reduced. while a full range of speeds 
was obtainable on all motions and with all loads. It 
was equally suitable for direct- and alternating-current 
supplies. In the latter case, the necessary direct 
current for the couplings was obtained through recti- 
fiers. The employment of such couplings opened the 
door to the use of grid-controlled valve equipment in 
crane work, as the power to be varied came well within 
the capacity of the smaller sizes of power valve. 
Investigations on a radio-operated crane were also 
being undertaken as the advantages of having all 
movements under the control of an operator who was 
free to walk about the shop floor were obvious. 





ANNUALS AND REFERENCE BOOKS. 


The Railway Handbook, 1947-8.—As the preface 
points out, this new edition (the 14th) of The Railway 
Handbook appears at a momentous time in the history 
of British railways and, as it will be the last to contain 
details of the individual companies as such, should be 
of historical as well as current interest. New material 
includes a section on railway tunnels in North America, 
and one on oil fuel for lccomotives ; and there have been 
extensive revisions of the statistical details, and an 
increased use of diagrams—for instance, to illustrate 
the altitudes reached by railways in various parts of 
the world, and to compare the principal railway bridges. 
On the historical side, which has always been an impor- 
tant feature of this publication, the railway chrono 
has been expanded and brought up to October 1, 1947 ; 
and particulars are given of the present location of the 
various historic locomotives, and other rolling stock, 
preserved in the British Isles. The misprint of 
‘* Harwich ” for Horwich in this section, at the top of 
page 121, is too obvious to mislead many readers. 
The Railway Handbook, compiled under the direction 
of the editor of the Railway Gazette, is published, at 
the price of 5s., by the Railway Publishing Company, 
Limited, 33, Tothill-street, Westminster. S.W.1. 

Newnes Metric and Decimal Tables.—Mr. F. J. Camm, 
editor of Practical Engineering, who is the compiler of 
this convenient vest-pocket reference book, sees “ every 
indication that the metric system will, in the course 
of the next quarter of a century, become the standard 
in this country.” As a matter of historical fact, it has 
been standard for half a century, having been legalised 
by Order in Council in 1897. Whether the rate of its 
adoption will amount to a virtual supersession of the 
foot-pound-second system by 1972, as Mr. Camm 
implies, is open to some question; but the use of the 
metric system certainly is still increasing and with it, 
no doubt, the field of usefulness for this book, which is 
wide in scope, clearly set out and printed, and, at 
3s. 6d. net, notably moderate in price. It is published 
by Messrs. George Newnes, Limited, Tower House, 
Southampton-street, London, W.C.2. 

British Electrode Classification.—So much depends, 
in are welding, upon the selection of the right type of 
electrode that the Arc-Welding Electrode Section of the 
British Electrical and Allied Manufacturers’ Associa- 
tion, in conjunction with the Institute of Welding, 
undertook a survey of the many types available for 
manual use and have now produced a systematic 
classification. It takes into account the method of 
manufacture, the type of flux covering, the welding 
positions in which the individual electrode can be used 
satisfactorily, the electric current recommended, and 
the suitability of the electrode for deep-penetration 
welding. All the electrodes classified under the system 
conform. to the British Standard Specification 639-1935 
Class A: Covered Electrodes for Metal Arc Welding, 
of Mild Steel for Hand Operation) ; and, for this reason, 
the system applies only to electrodes over 12 s.w.g. in 
diameter, as it is difficult to test smaller electrodes to 
the requirements of this specification. The Classifica- 
tion is published by the British Electrical and Allied 
Manufacturers’ Association, 36-38, Kingsway, London, 





W.C.2, and the price is 1s. net. 
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ABSOLUTE ELECTRICAL UNITS 
AND EXISTING MEASURING 
INSTRUMENTS. 


As announced on page 55, ante, the National 
Physical Laboratory, in co-operation with similar 
organisations in other countries, have introduced 
revised values for the units of electricity, so that, from 
January 1, 1948, the hitherto existing international 
system will be replaced by an absolute system. The 
effects of this change on apparatus used in connection 
with the Electricity Supply (Meters) Act, 1936, are 
explained in a memorandum issued by the Electricity 
Commissioners. The action necessary to ensure that 
future measurements are made in terms of the new 
absolute units is also outlined 

It is pointed out that, apart from the special direct- 
current voltmeter “for use with potentiometer,” 
indicating and integrating meters will not be affected 
appreciably by the change. Poteatiometers and volt- 
age-dividing resistances, being dependent only on the 
accuracy of a ratio of resistances, will not be affected 
at all. On the other hand, current-measuring resistors 
will have the values assigned to them altered by nearly 
0-05 per cent. and, since the limits of error under 
the Act are only 0-03 or 0-05 per cent., will, in many 
cases, cease to comply with the specification. It has 
been decided, therefore, that, provided such apparatus 
is marked as having been manufactured before 
January 1, 1948, it will be acceptable if its resistance 
in international ohms complies with the specification. 
Such resistors when adjusted to the new units are to 
be marked “ absolute ohms.”’ Resistors manufactured 
after January 1, 1949, will be adjusted in absolute 
ohms and tested accordingly, while those manufactured 
between January 1, 1948, and January 1, 1949, will 
be marked with the unit employed, i.e., absolute or 
international ohms and tested accordingly, the neces- 
sary corrections being applicable to those in the latter 
class. If they are marked “international ohms,” the 
date of manufacture must also be stated. 

Although the effect of the changes will be negligible 
on integrating meters and indicating instruments, it 
will be necessary to make allowances when using 
potentiometers and accessories. Until these appa- 
ratus have been submitted to the National Physical 
Laboratory for re-test it will be essential, therefore, 
for test rooms to make their own corrections. For 
instance, the new absolute voltage of a standard cell 
will be equal to that of the previous international 
value + 0-00035 volt; and the new absolute value 
of the standard resistances for current measurement 
will be taken as equal to the previous international 
value + 0-049 per cent. No correction of voltage 
dividing resistances or standard potentiometers will be 
necessary, although in the latter case the new value 
of the standard cell should be used when balancing. 
This may necessitate setting up the cell voltage on the 
main dials of the potentiometer, as the independent 
section provided for this purpose cannot be utilised 
when the electromotive force of the cell at the working 
temperature is greater than 1-0187 absolute volts. 
Voltage standardisers with a standard cell adjustment 
can be treated in the same way as potentiometers. 
When there is no such adjustment, there is a percentage 
error which is equal to the percentage by which the 
actual electromotive force of the standard cell differs 
from 1-01820 volts. In the new system, this error will 
be 0-034 per cent. more positive than it was at the same 
temperature in the old system. 

If the working temperature of the testing laboratory 
is likely to fall below about 18 deg. C. it will often be 
found convenient to maintain the standard cell itself 
at a temperature between, say, 20 deg. and 25 deg. C. 
This can be done by enclosing the cell in a lagged box, 
which is fitted with an adjustable thermostatic switch 
controlling either a wire-wound or radio-type resistor 
with a load of about 5 watts. Provided the potentio- 
meter is set up in the way described above, the correc- 
tion necessary on the associated direct-current volt- 
meter, it is expected, will change by 0-03 per cent. 
when calibrated on the new system, the value of the 
voltage required to deflect the instrument to a given 
scale mark being greater in the new system than in 
the old. Cambridge reflecting wattmeters are cali- 
brated against a potentiometer ; and it is to be expected 
that the correction will change by 0-019 per cent. 
when calibrated on the new system, the value of the 
watts required to deflect the instrument to a given 
scale mark being greater in the new system than in the 
old. Where the Shotter-Elliott direct-current-alter- 
nating-current comparator is used in conjunction with 
a potentiometer and the values of volts and watts 
applied to the instrument are deduced from potentio- 
meter reading, the absolute volts applied to its terminals 
will be given from the potentiometer reading without 
correction. When the comparator is used as a watt- 
meter, the absolute watts applied to the terminals will 
be given by the potentiometer reading — 0-049 per 
cent. Instrument transformers are not affected by the 
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RESEARCH ON CAST IRON. 


Tue work of the British Cast Iron Research Asso- 
ciation, Alvechurch, Birmingham, covers long-term 
research activities of a fundamental character and also 
relatively short-term investigations prompted by pro- 
blems encountered by member firms of the Association. 
Fundamental research upon the mechanism of graphite 
formation has been continued and a preliminary report 
on this work was presented by Mr. H. Morrogh and 
Mr. W. J. Williams at this year’s annual general 
meeting af the Iron and Steel Institute, on May 15 
last. It is stated in the twenty-sixth annual report of 
the Association, for the year ending June 30, 1947, 
that, consequent upon this work, a process has been 
developed whereby nodular graphite structures can be 
obtained in as-cast grey cast irons without heat- 
treatment. Considerable attention has been given to 
working out the details of this process, and it is stated 
that the results obtained indicate that there is the 
possibility of producing grey irons, having these struc- 
tures, possessing mechanical properties considerably 
higher than those of high-duty grey cast irons. In 
addition to work on the fundamental aspects of this 
discovery, tests have been carried out on an industrial 
scale, so that an appreciation of its commercial value 
can be obtained. Research on the production and 
properties of these nodular cast irons has taken the 
place of work formerly carried out on high-duty grey 
cast irons. 

Work has been continued to determine the formation 
of graphite during the production of malleable iron, 
using the dilatometric method of investigation. Two 
sensitive dilatometers have been in almost continuous 
use for this investigation. Valuable information has 
been obtained upon the influence of manganese and 
sulphur during annealing. Further work upon malle- 
able iron has included an investigation on the use 
of magnetite annealing ore and on the adherence of 
iron ore during the whiteheart malleable process. 
Related to the work on malleable cast iron, the investi- 
gation on gaseous decarburisation has continued. 
This has involved a study of the influence of sulphur- 
containing gases on the incidence of peeling and the 
influence of the composition of the metal when castings 
are annealed in sulphurous gases. Attention has also 
been paid to the annealing of white and grey cast iron 
in hydrogea, and hydrogen and water-vapour, atmo- 
spheres. It has been found that decarburisation in 
pure dried hydrogen occurs by a process not hitherto 
suspected. 

New methods for the estimation of small amounts of 
the rarer elements in cast iron, by chemical means, are 
being developed and the Association hope shortly to 
issue a comprehensive book giving complete and 
detailed methods for the chemical analysis of cast 
iron and related foundry materials. The application 
of spectro-chemical methods to the analysis of cast irons 
has been continued and many refinements added to 
the technique. At the instigation of the Light Castings 
Sub-Committee, work on the fluidity of cast iron has 
been put in hand, and, in connection with the deter- 
mination of special mechanical properties, research 
on fatigue testing, and on the development of suitable 
creep-testing procedure for cast irons, has been 
continued. Other special properties have been studied 
with the help of torsion, compression and shear tests, 
while determinations of damping capacity have also 
been made. Apparatus for measuring mechanical 
properties at sub-zero temperatures has been perfected 
and preliminary tests carried out. Work on ladle 
additions has been largely connected with the subject 
of graphite formation, but, in addition, experiments 
have been carried out to investigate the suitability of 
various silicides as inoculants in grey cast iron. Experi- 
mental work on sands has been continued and various 
substitutes for linseed oil examined ; the use of pitch 
in moulding sands has also been investigated. 

As is always the case in a research organisation, 
much effort on the part of the staff has been devoted 
to the construction and examination of new equipment. 
Electronic temperature controllers have been con- 
structed and improved ; a strain-gauge bridge is under 
construction; thermal-shock equipment bas been 
completed ; and apparatus for the determination of 
thermal conductivity is being set up. Improvements 
have been made in the method of gripping fatigue-test 
specimens and considerable attention has been devoted 
to the study of extensometer technique for the deter- 
mination of stress-strain curves at elevated tempera- 
tures. The work on sub-zero testing has involved 
the construction of much fresh equipment, while 
several new furnaces and other equipment have been 
installed and put into operation for various research 
purposes. The report on the work of the development 
department of the Association, for the year under 
review, contains some statistics relating to various 
activities. From these it is interesting to learn that 
the number of balanced-blast cupolas installed now 
totals 326, having an aggregate hourly capacity of 
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THE EFFECT OF ‘*STAGGERING ”’ 
ON ELECTRICAL DEMAND. 


A STATEMENT issued by the Ministry of Labour and 
National Service on Thursday, December 11, reviews 
the effects that the “ staggering ” arrangements have 
had on spreading the industrial electrical load. As 
the circumstances of each industry, and often of each 
firm, differ, a number of methods of reducing the 
demand during the peak hours have been adopted. 
These include the transfer to night work of processes 
with a heavy load, but employing comparatively few 
workmen; “staggered”? evening and day sbifts; 
““ powerless’ day schemes; and the installation of 
private generating plant. 

The Central Electricity Board’s estimates for the 
present winter (which took no account of either indus- 
trial load-spreading or of economies by domestic con- 
sumers) showed that, in the middle of the present period, 
the demand might be expected to exceed the generating 
capacity by 500 to 2,500 MW, depending on the 
weather conditions. This estimate assumed that the 
maximum permissible deliveries of solid fuel were being 
made. Load shedding would, therefore, have been 
necessary even on the mildest days. To counteract 
this, a transfer of some 1,700 MW, or one-third of the 
industrial peak load, was carried out, although it was 
realised that this transfer could not be achieved com 
pletely, owing to the number of continuous-process 
200, ———_,— 





8000;— 








T0000 




















4000 











| 
al # 44 


e 12 4 Fy 12 
AM P.M. 


“ENGINEERING” 


consumers and essential services. Whether this result 
has been attained is difficult to ascertain, owing to 
varying weather and other conditions, but it is believed 
that a reduction of from 750 to 1,000 MW has been 
realised, and that the late evening and night loads 
have increased by 300 to 400 MW, compared with 
those of November, 1946. Moreover, as the result of 
“ staggering ’’ and economies, it has only been on rare 
occasions during the present year that the peak load 
has exceeded last year’s figures. On days strictly com- 
parable as regards temperature, the morning peak loads 
have also been substantially lower, in spite of the 
increase in the numbers of consumers of all classes. It 
is claimed, therefore, that the effect of load-spreading 
will be to reduce the gap between generating capacity 
and demand in mid-wirter 1947-48 from 2,500 to 
1,500 MW under the worst weather conditions and to 
provide a margin when those conditions are more 
favqurable. 

To avoid the dislocation from arbitrary cuts, which 
occurred last winter when it was necessary to shed load, 
supply undertakings have arranged this year to avoid 
cuts to large industrial consumers and to make such 
cuts as may be essential on domestic and commercial 
consumers according to a pre-arranged rota system. 
This, it is hoped, will enable industrial consumers to 
plan their production with the assurance that they will 
not be subjected to haphazard cuts. Nevertheless, as 
was inevitable, load reductions took place on eight 
mornings and 13 evenings during November, 1947. 
They were confined, however, to the two periods 
between 7.30 and 9 a.m. and 4 and 6 p.m., respec- 
tively ; and in most cases were achieved by reducing 
the voltage. Most large industrial consumers were 
unaffected, and any ill effects to industry generally 
were mitigated by the rota arrangements mentioned 
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The diagram on the opposite page shows the national 
load curves on November 14, 4946, and November 13, 
1947, respectively. Conditions were comparable, in that 
the temperatures at 8 a.m. on the two days were 43 deg. 
F., while at 12 noon they were 45 deg. in 1946 and 
19 deg. in 1947. At 6 p.m., the temperature in 1946 
was 44 deg. and 45 deg. in 1947. As the curves show 
the national demand, the effect of the measures taken 
by industry to reduce the load is, to some extent, sub- 
merged. Nevertheless, an increase in the late evening 
and night loads is noticeable. The morning and even- 
ing peaks, however, are still dangerous; and it is 
necessary therefore not only for the industrial demand 
to be held at the present level, but for all other con- 
sumers to regulate their use of electricity during the 
critical hours, especially when the weather is cold. 





AMERICAN PRACTICE IN GAS 
DISTRIBUTION. 


In the article on page 584, ante, we gave details of a 
method of cutting-off gas service pipes from the mains 
without excavating a hole more than 1 ft. square in plan. 
This information was supplied by Mr. F. Bell, distribut- 
ing engineer of the Liverpool Gas Company, who has 
recently visited the United States and has now sent us 
some further details of practice in that country. He 
states that spun cast-iron mains are by far the most 
popular for normal low-pressure and intermediate high- 
pressure work, mechanical joints of a type very similar 
to British designs being used in every case. The gas 
consumption in city areas is generally so high that the 
low-pressure mains are supplied through district 
governors from a system of intermediate high-pressure 
connections and the pressure rarely exceeds 25 lb. per 
square inch. Usually, the governors employed for this 
purpose are situated in underground chambers and 
are of the Reynolds or similar type. On a thermal 
basis, the amount of gas used per consumer in the 
United States is about 16 times the British figure, 
owing principally to the demand for central and 
water heating. For instance, one undertaking with 
500,000 consumers had 35,000 central-heating plants 
on its system, and was being called upon to supply 
many more. Undertakings receiving supplies of 
natural gas, re-form it or mix it with gases from other 
sources, such as coke-oven or carburetted water gas, 
thus reducing the calorific value to about 800 or 900 
B.Th.U. per cubic foot. The pressures in the natural- 
gas mains are very high and welded steel is the 
material generally used in their construction. The 
gas movement between the manufacturing or natural- 
gas receiving points and the district distributing 
stations is not so carefully monitored as by certain 
large undertakings in this country. Control from a 
central point having all the necessary information, 
as is the practice of the Liverpool and other British 
gas undertakings, seems non-existent. In fact, the 
Americans were much interested in this development. 

The majority of the undertakings maintained excep- 
tionally good mains and service records, both physical 
and financial. These gave the position, cost and date 
of laying every main and service, as well as the history 
of any subsequent alterations. This procedure is 
essential owing to the State financial regulations with 
respect to plant. The records of syphons or “‘ drips ” 
are also complete. All new and repaired meters in 
three of the undertakings visited were subjected to 
considerable pressure in order to test the soundness 
of the cases, especially of the index glass and soldered 
seams. In two of these undertakings, the pressure 
used for the 5- and 10-light meters was 10 lb. per square 
inch, which was introduced simultaneously into the top 
and bottom compartments. One of the undertakings 
claimed that this procedure reduced the number of 
cases of meter leakage from 2,000 to under 200 a 
month. This, of course, had only been rendered 
possible by the use of a special soldered dial glass and 
by paying greater attention to the soldering of the seams 
of the cases. Although a test pressure of 10 lb. per 
square inch is high, on no occasion was one less than 
40 in. water gauge employed. 





“* CONCRETE IN COLLIERIES.’’—A booklet of consider- 
able interest in connection with the intended extensive 
modernisation of British collieries has been issued by 
the Concrete Association, whose London office is at 
52, Grosvenor-gardens, S.W.1. The booklet is profusely 
illustrated with reproductions of photographs of pit-head 
gear, shaft equipment, washeries and cleaning plant, 
coal-processing plants, miscellaneous surface structures, 
and underground structures such as substations, pump- 
rooms, linings for roads, etc., all of which are of rein- 
forced-concrete construction. Brief explanatory matter 
is also included. Copies of the booklet can be obtained 
by those interested on application to the secretary at 
the address given above. 
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LABOUR NOTES. 


ADDRESSING the second annual conference of Midland 
Supervisors at Birmingham, Mr. F. J. Burns Morton, 
general works manager, Enfield Cables, Limited, 
South Wales, said that the efficiency and happiness of 
employees depended largely on the foreman, who 
could make or mar the efforts of each individual and 
whose personal influence was immense. “If,” he 
continued, “we are to safeguard the worker from 
personal abuses, and raise the productive effort of 
each man and woman, the standards of supervision 
must be improved.” 


An Institute of Foremen is to be formed with Bir- 
mingham as its centre. It will have no connection, 
Mr. Burns Morton said, with either trade unions or 
benevolent societies; it will be non-political; and 
membership will be open to foremen regardless of 
trade or industry. It will publish a journal, issue 
pamphlets, organise conferences, arrange meetings, 
provide lecturers, and plan visits, and the extent of its 
services will depend on the degree of financial support 
forthcoming from industry and foremen. The secre- 
tary of the temporary committee is Mr. J. K. Evans 
(I.C.1., Limited, Metals Division), 28, Inverclyde-road, 
Handsworth Wood, Birmingham. 





In the course of an address to the members of the 
Midland Branch of the Institution of Works Managers, 
at Birmingham, Mr. W. W. Foster, general works 
manager of the Dunlop Rubber Company, Limited, 
said that works managements probably spent more 
time on the awkward, troublesome employee than on 
the reliable man who carried on, day in and day out. 
Seventy or eighty per cent. of employees were in the 
latter category, and it would be worth while, he 
suggested, to give them the thought and time they 
deserved. In that way, the majority could become the 
guiding influence in the works. Under full employment, 
the operatives’ pre-war fear must be replaced by post- 
war conscientiousness, which could only be developed 
by the management acting as a true leader. “It 
must not,” he declared, ‘‘ be petty or mean. It must 
be bold and straightforward, understanding and reliable. 
After all, operatives and ourselves have a lot in common. 
We all work to get the wherewithal to live outside our 
factories.” 





Mr. Foster, continuing, said he thought that the 
foreman was industry’s greatest problem. The foreman 
should, he believed, be made to feel that he was an 
essential part of management, and be chosen as a man 
capable, in time, of taking a higher executive position. 
Promotion in industry had been too slow. Personnel 
within the factory should be considered for promotion 
before people from outside, and no man should miss a 
chance of promotion because there was no one ready 
to fill his place. 





The setting up of ‘‘ A Trust Fund for Industry ” is 
suggested by the writer of the editorial notes in the 
Journal of the Amalgamated Engineering Union. He 
thinks that the Chancellor of the Exchequer missed a 
great opportunity to use ‘‘a profit tax to build up a 
reserve fund for industry’s further development when 
easier conditions return.” ‘‘ We do not know,” he 
says, ‘‘ whether consideration has been given to this 
aspect of the Government’s financial policy. The 
principle of earmarking some proportion of the profits 
of industry and trade was applied . . . in the case of 
E.P.T. in the proviso that 20 per cent. of the tax should 
be returnable to the individual concern to assist in 
renovating and re-equipping it for post-war expansion. 
Why cannot this principle be more deliberately applied 
at the present time? With profits increasing, with 
the rate of dividends rising, and with the certainty 
that current conditions will favour an expansion of 
profits, we feel that the opportunity presents itself 
for a more far-sighted policy in the taxing of industry’s 
surplus earnings.” 





‘*They should not,” he argues, ‘‘ be distributed in 
large dividends. They should not be held back to 
build up large reserves. They should not, perhaps, 
be appropriated by the Treasury for current revenue 
purposes. We suggest that they should be taken, up 
to 80 per cent. or 100 per cent., on an equitable standard 
period of profit earning, and held in trust by the 
Treasury for industry to use when better times come 
back. We do not believe there will be any adminis- 
trative difficulty in dealing with surplus profits in this 
way. There is an Act on the Statute Book of the 
Labour Government’s making called the ‘ Organisation 
of Industry and Development Councils Act.’ It is a 
measure to encourage each industry to evolve Develop- 
ment Councils on the lines advocated in practically 
all the Working Parties that have reported on their 
inquiries, instigated by the Chancellor of the Exchequer 
when he was President of the Board of Trade. Why 





should not the Government’s taxation of profits be 
related to the purposes of this Act ?” 





“* To build up a fund for industry’s use in modernising, 
mechanising, and re-equipping individual enterprises 
and business undertakings would,” the writer claims, 
“serve the purpose of this Act. It would be of 
immeasureable benefit to industry in better times than 
those that exist now. A first claim upon such a fund 
would be that of the individual firm for the renovation 
and renewal of its equipment. But a profits tax of 
the kind suggested here would provide a much larger 
sum in trust for each industry taken as a whole, and 
it could profitably be expended in furtherance of the 
aims of the Act and the expansion of the responsibilities 
assigned to the Development Councils. We recommend 
the suggestion to the attention of Sir Stafford Cripps 
and his hard-headed advisers to the Treasury and on 
the Economic Planning Board.” 





The Clerical and Administrative Workers Union is 
applying to the Engineering and Allied Employers’ 
London Association for a general wages agreement for 
clerks. The claim embodies the principle of a grading 
scheme ranging from minimum wages at 21 of 
51. 198. 6d. a week for men and 5l. 2s. a week for women, 
to a maximum of 8l. 19s. 6d. a week for men and 
women in the highest grade. These figures include 
allowances for the present cost of living. If the London 
employers concede the claim, it is understood that an 
effort will be made by the union to negotiate a national 
agreement with the provincial wage rates 10s. a week 
less than the London rates. 





The Transport and General Workers’ Union, which 
also has engineering clerical workers among _ its 
members, says, in its official organ for December, that 
an application has been made—presumably to the 
Engineering and Allied Employers’ National Federation 
—for an advance of wages. “ It is necessary, however,” 
the Clerical Staffs Section writes, ‘‘ to point out 
that complete success in all representations on their 
behalf, with particular reference to the present negotia- 
tions, is measured by the response the union secures 
from the staffs themselves. The strength of a claim is 
determined by its weakest link. There are certain 
weaknesses existing in the organisational side of the 
industry and these must be strengthened.” 





The writer of the note goes on to say that if the 
staffs wish to have their conditions improved, the 
responsibility for action rests on them. If they desire 
the operation to cease of the conditions established by 
the Manchester Agreement—under which salary scales, 
including bare time paid for overtime during the week, 
with time and a half for week-end work, are provided— 
clerical staffs must join the union to which, it is pointed 
out, the Transport and General Workers’ Union refused 
to become a party. 





An agreement has been reached by representatives 
of the Metal and Engineering Section of the Transport 
and General Workers’ Union and representatives of the 
engineering and shipbuilding employers covering the 
case of engineering operatives working in conjunction 
with shipbuilding and ship-repairing operatives. It is 
agreed, it is officially stated, that, in general, employees 
in the production shops shall conform to engineering 
conditions, and that persons engaged on board ship, 
dock, or at fitting out berths shall be subject to the 
hours of the shipyard with which they are associated. 
Border-line cases are to be settled locally. 





The Chemical Section of the Transport and General 
Workers’ Union reports that an agreement has been 
reached on the subject of the employment of Polish 
labour in I.C.I. establishments. It is agreed that Poles 
may be employed if no British labour is available, and 
that when British labour becomes available the employ- 
of Polish labour must end. Agreement of the British 
employees to work with the Poles must be obtained 
through their trade-union representatives, and Polish 
labour must not be placed in supervisory posts. The 
rate for the job must be piad and Poles must join an 
appropriate signatory union.” 





The United Patternmakers’ Association has also 
agreed to the employment of Polish labour on practi- 
cally similar terms. The conditions attached to their 
agreement are (1) that Poles should not be employed 
unless there is no British labour suitable and willing to 
take the employment ; (2) that in the event of redun- 
dancy, Poles should be discharged before British 
persons ; (3) that Poles should receive rates and condi- 
tions not less favourable that those observed for British 
employees of similar grade; (4) that the Poles con- 
cerned should be eligible and willing to become members 
of the United Patternmakers’ Association 
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THE SPEKE FACTORY OF THE 
DUNLOP RUBBER COMPANY, 
LIMITED. 


AN excellent example of the conversion of a large 
works, formerly engaged upon the production of war 
material, and which is now employing more than 5,000 
people in a totally different type of industry, is afforded 
by the factory of the Dunlop Rubber Company, 
Limited, at Speke, near Liverpool. Originally laid out 
as a “shadow” aircraft factory by Messrs. Rootes 
Securities, Limited, London, for the Ministry of Aircraft 
Production, the area of the site is 101 acres and the 
buildings cover 1,400,000 sq. ft. Messrs. Dunlop first 
considered the suitability of this factory at a time when 
the end of the war was not in sight and while there was 
still a serious shortage of tyres tor the fighting Services ; 
and although certain preliminary work was started 
beforehand, it was not until August 1, 1945, after the 
last of 4,752 aircraft built at Speke had been delivered, 
that the company took over the factory, on lease from 
the Government, for conversion to rubber-processing. 

The decision was not an easy one to make, for, while 
the factory was modern and attractive, and the dimen- 
sions of the main building were suitable, aircraft con- 
struction bore no similarity to the manufacture of 
rubber products on a large scale, and it was therefore 
apparent during the initial survey that all the available 
main supply services were quite inadequate for the 
requirements of the new industry, while certain ser- 
vices, such as steam, high-pressure air and hydraulic 
power, were non-existent. The task of conversion was 
undertaken, however, and the equipment of the factory 
was completed in little more than a year. The heavy 
foundations and service trenches entailed the exca- 
vation of 20,610 cubic yards of clay and required 
9,611 cubic yards of concrete, and the total weight of 
major equipment, and electrical and engineering services 
plant, excluding piping and mains, amounted to 
6,100 tons. 

In the layout of the factory, the production flow 
proceeds in one direction from the initial operation of 
mixing the raw materials to the final finishing and 
despatch of the products. The main building, which is 
on a north-south line, has three building heights of 
20 ft., 30 ft. and 40 ft., ranging from the south to the 
north end, and this was the direction cf flow during 
aircraft production. As a minimum beadroom of 30 ft. 
was required for the rubber-mixing installations, with 
additional space for a 15-ton overhead crane, the avail- 
able height of the building at the north end determined 
the situation for these installations, and consequently 
the direction of the production flow, which is the 
reverse of that of the former industry. This direction 
of flow fortuitously placed the site for vulcanising 
operations close to the existing boiler-house and also 
settled the position for the new hydraulic pump-house, 
which arrangements reduced the transmission dis- 
tances of these services to the minimum. 

When the factory was engaged on aircraft production, 
the boiler-house contained six Babcock and Wilcox 
boilers, with a total capacity of 125,000,000 B.Th.U. 
per hour, which were installed for the sole purpose of 
heating the buildings by hot-water circulation. As 
there were no boilers providing steam, four of these 
existing hot-water boilers were converted to steam 
generation, giving an output up to 150,000 lb. of 
steam per hour, at 200 Ib. per square inch pressure. 
There being no steam supply, there were, of course, 
no steam mains, and 44,000 ft. of steam piping, ranging 
from 6-in. to 12-in. in diameter, had to be provided 
to serve the various processing machines. Water was 
obtained from a bore-hole having a delivery of 25,000 
gallons per hour, but, further supplies being required 
for process purposes, a second well was sunk, to give 
an additional 50,000 gallons per hour. Three large 
circulating-water tanks and a tower storage tank were 
also provided. 

The aircraft factory had no hydraulic power, and 
to provide this in the low, medium and high pressures 
required, a number of electrically-driven pumps were 
installed. The existing air-compressing plant consisted 
of low-pressure machines having a total capacity of 
3,750 cub. ft. per minute, and this output was increased 
to 5,750 cub. ft., at a pressure of 100 lb. per square 
inch. For the high-pressure service, new plant was 
installed, with a total output of 1,560 cub. ft. per 
minute at 325 lb. per square inch pressure. The 
electricity supply at 11,000 volts was transformed 
down to 400 volts for distribution; but whereas the 
original transformer capacity was 8,400 kVA, the 
capacity required by the new industry at the same 
voltage is 12,400 kVA. There were no transformers 
for providing a 5,000-volt supply and, therefore, three 
1,500-kVA transformers were installed. In addition, a 
complete supply of direct-current at 500 and 250 volts 
was necessary; this was provided by installing ten 
mercury-arc rectifiers. The new factory has 110 motors 
of over 50 h.p. each, instead of the seven which served 
it previously, and the length of the power cables, at 
35,000 yards, is almost exactly doubled. It will be 
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Fie. 6. Tyre-SHaprnc MAcuINeE. 


seen, therefore, that the provision and expansion of 
essential services represented a large quantity of 
equipment, in addition to the amount of heavy and 
special process machinery required. 

The main building is 1,440 ft. long by 600 ft. wide, 
in three open spans of 200 ft. each, and is arranged, 
together with the belting department and the other 
buildings housing the various power plants, as shown 
in Fig. 5, herewith. Starting at the rubber-mixing 
section, at the northern end of the factory, a is the 
black-powder room, from which the gas and lampblack 
powders are delivered by conveyors through automatic 
weighing apparatus to three of the nine mixing and 
milling units, indicated at 6. The dust-collection and 
fume-extraction system was designed by Messrs. 
Dunlop. Fig. 1, on page 612, shows two of the mixing 
and milling plants, with the handling equipment for 
elevating the raw rubber to the mixer hoppers. The 
conveyor and dust-collecting ducts can also be seen, 
and the circular backs of the automatic weighing ma- 
chines may be discerned mounted on the platforms 
below the ducting. The mixing mills are situated on 
the main platforms and are driven by 500-h.p. motors 
through totally-enclosed reduction gearing. One of 
these motors, operating the mixer to the left in Fig. 1, 
can be seen in that illustration. From the mixers 
the rubber is discharged to the milling rolls below, at 
floor level, in which it is rolled to form rubber stock. 
One of the 300-h.p. motors, with its reduction and 
control gear, is shown in Fig. 2, on page 612. The 





mixing and milling plants were supplied by Messrs. 
David Bridge and Company, Limited, Rochdale, and 
the motors by the General Electric Company, Limited, 
Birmingham. During mixing and milling, observa- 
tions of these operations and the process conditions 
are made and recorded in a central control room ; and 
samples of each batch of stock are conveyed to this 
room by a pneumatic system, for complete analysis 
before further processing commences. 

From the milling plants the stock is fed to the 
tread-extruding machines, also constructed by Messrs. 
David Bridge and Company, which, with the water- 
cooling troughs and conveyors, are indicated at c and d 
in Fig. 5. The conveyors are shown in the foreground 
of Fig. 3, on page 612; the extruding machines were 
not installed when the photograph was taken, but are 
located in the left foreground. The treads delivered 
from the extruding machine are carried by a wide belt 
conveyor to one or two calenders, where the under 
tread and the cushion rubbers (which are of a different 
compound from the tread proper) are pressed on to 
the underside of the tread. The complete tread is 
then passed several times through a water-cooled 
conveyor and thence by a long overhead conveyor 
to the point where they are cut to length. The ma- 
chines which cut them to length have a rotary knife, 
set at an angle to give the required bevel. The ends 
of the tread are joined by wiping the bevelled edge with 
naphtha. Some of the extruding machines produce 
car and cycle tyre inner tubing, which also passes 
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through the water troughs and on to the conveyors 
in the same way as the treads. In some cases, where 
tyres of very large section are being made, two separate 
treads are fitted, side by side, but this is exceptional. 

The process of 1 ero is one of building up 
various plies or aes ets, made from two or more plies 
of rubberised fabric, on a former or machine. These 
machines, designed and manufactured by the Dunlop 
Company, are situated at f and g in Fig. 5, and are 
illustrated in Fig. 4, on page 612. The steel-wired 
beads are built in with the rubberised cord, eventually 
to be completely covered by the tread and the side 
wall. In Fig. 4, a tread is being centred on the rotat- 
ing former of the machine in the foreground. The 
edge on the near side of the former is then turned 
inwards, which operation is proceeding on the next 
machine, and by means of a oo mounted on a swing- 
ing arm, is rolled by band-pressure over the former and 
then coated with an adhesive solution. A reinforced 
bead, several of which can be seen above the machines, 
is placed on the centralising frame shown on the floor 
to the left of the machines, and the frame is inserted 
on the spindle of the machine and pressed home. A 
lapping porticn of the rubberised cord covering of the 
bead projects beyond the rim of the frame, and, with 
the former rotating, the swinging roller is used again 
to roll this lap on to the wall of the tyre. The frame 
is then removed and further rolling of the bead covering 
over its full width completes the bonding operation. 
The bead on the far side of the former is bonded with 
similar operations, only in this case the bead is placed 
on a fixed jig before the tread and the former are 
assembled on the machine. After building up the tyre, 
the whole assembly, with the former, is removed from 
the machine. The former is collapsible and, on taking 
out one segment, the others fall out easily. 

From this process, the tyre, complete with beads 
but with a flat tread, passes to the tyre-shaping 
machines (4 in Fig. 5) illustrated in Fig. 6, opposite. 
A deflated rubber bag, to be seen on the extreme right 
of the illustration, is inserted in the tyre and, while the 
tyre is held by a hydraulic ram under a pressure of 
350 lb. per square inch, the bag is expanded by internal 
air pressure and an external partial vacuum in the 
chamber of 10 in. of mercury. This is not a moulding 
operation. The walls of the chamber are not heated, 
and are shaped merely to confine the tyre to a reason- 
able dimension ; the forming of the tyre in the shaping 
machine is done by the hydraulic ram and the air- 
inflated bag. The pressure used for inflating the air 
bag varies with the type of tyre and its ply construc- 
tion ; a 14-ply cover requires a slightly higher internal 
pressure than a 12-ply cover, but in no case does the 
pressure exceed 20 Ib. per square inch. On_ being 
withdrawn from the shaping machine the tyre appears 
in its first recognisable form as such ; an example can 
be seen next to the machine, on the left of the illus- 
tration. After shaping, the tyre goes forward to the 
final major process in its manufacture, that of mould- 
ing and vulcanising, which is carried out in the sections 
marked i and j in Fig. 5. The tyre shown on the right 
of the shaping machine, Fig. 6, is a cover after the 
process of moulding and vulcanising. 

The plant at i, which includes a battery of autoclaves 
below ground level, has been laid down for the treat- 
ment of giant tyres only and is shown in Figs. 7 and 8, 
herewith. For the moulding operation, cast-steel 
moulds, split in halves on the middle circumferential 
line, are used, and they have an internal moulding 
designed to reproduce the particular tread pattern 
required on the tyre. Fig. 7 shows a general view of the 
moulding section at i, with the moulds on the roller- 
conveyor track, which is used for both the loading and 
the unloading of the tyres into and from the moulds. 
Pneumatic hoists are employed for handling the 
moulds; a half-mould, showing its internal pattern, 
may be seen suspended from a hoist, and they are also 
used for extracting the tyres from the moulds after 
the operations of moulding and vulcanising have been 
completed. In the process of moulding, a shaped tyre 
is placed in the bottom half of the mould. The top half 
of the mould is then placed in position and registered to 
ensure correct alignment of the tread patterns in each 
mould. The whole assembly then passes to a hydraulic 
press, operating at a pressure of 350 lb. per square inch, 
which can be seen in the centre of Fig. 7; the air bag 
in the tyre maintains it in shape. The press is then 
operated to close the mould and to hold it together. 
The hydraulic pressure is then released and the 
assembly is removed from the press and passed along 
the conveyor te the autoclaves, for moulding and 
vulcanising. The tops of the four autoclaves are visible 
in Fig. 7, being located inside the oval ring formed by 
the conveyor; one of them is shown open and being 
loaded with moulds. These autoclaves, which were 
manufactured by Messrs. Francis Shaw and Company, 
Limited, Manchester, can accommodate from 12 to 
14 moulds each at atime. The complete installations, 
situated in a pit below floor level, are illustrated in 
Fig. 8, on this page. 

different services are used in the operation of 
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the autoclaves, namely, hydraulic pressure at 2,240 Ib. 
and 350 Ib. per square inch, compressed air at 325 lb. per 
square inch, and steam at 185 Ib. and 90 Ib. per square 
inch. The hydraulic power is used to operate a ram 
in the bottom of the autoclave, for the purpose of 
compacting its load of moulds against the top cover, 
and also to hold this charge when the air pressure, 
which is connected to the bag in each tyre, is turned on. 
The compressed air forces the tyre tread into the mould 
pattern and this process is accompanied by the admis- 
sion of steam to the air bag at 185 lb. per square inch 
pressure, followed later by air at a pressure of 300 Ib. 
per square inch. Under present process arrangements, 
the moulding and vulcanising of giant tyres is a com- 
bined operation, steam at 90 lb. per square inch pressure 
being used for the vulcanising or curing part of the 
process. After this time, the moulds are removed from 
the autoclave with the aid of the hydraulic ram, which 
raises the moulds until each one can be picked up by a 
pneumatic hoist and placed on the conveyor. Here the 
moulds are separated and the tyres extracted, and they 
are then passed on for finishing, inspection, packing 
— despatch, which is carried out in the area marked k 

g. 5. 

The other moulding and vulcanising plant, at j in 
Fig. 5, consists of a battery of fully-automatic machines 
for car tyres only. These machines are steam-beated, 
the time and temperature control for the curing process 
being effected electrically. They were made by David 
Bridge and Company, Rochdale, and Francis Shaw and 
Company, Manchester. Each machine holds two tyres 
at one loading. As in the process for giant tyres, 
compressed air is used for forcing the tread rubber into 
the mould pattern. After the uncured tyres have been 
placed in the moulds, the operations of oe the 
press, inflating the bag with steam and then with air, 
and the final exhausting of the air and opening of the 
press, are all done automatically. The manufacture 
of bicycle tyres is carried on mainly in section J in 
Fig. 5, which is an elevated floor, and a part of this 
section appears to the right of Fig. 3, on page 612, 
though the machinery was not installed at the time of 
the photograph. Inner tubes of all standard sizes are 
also made in the factory, the tubes being continuously 
extruded from the machines, cut to length and joined. 
In the case of car-tyre and g~ tyre inner tubes, the 
tubes are cut to length by an electrically-heated knife 
and butted together while the ends are still hot, the 
method being equivalent to the butt-welding of steel 
tubes. Inner tubes for cycle tyres are joined by means 
of a solutioned overlap. 

A large section of the building, marked m in Fig. 5, is 
allocated to the manufacture of rubber footwear, and 
here also the production flow is in one direction, from 
the delivery of the mixed rubber solutions and prepared 
fabric to the vulcanising process. The articles to be 
vulcanised are stacked in frame transporters for load- 
ing into the horizontal curing cylinders, 9 ft. in dia- 
meter and 26 ft. long ; hot air is used for curing instead 
of steam, to prevent the fabric lining of the footwear 
from absorbing moisture. The remaining part of the 
main factory building, n in Fig. 5, is devoted to the 
production of golf and tennis balls. The latest deve- 
lopment is the installation of plant to produce squash 
balls, which are made by joining two hemispherical 
shells. After joining, the balls are stored for 40 hours 
in cabinets at a controlled temperature of 68 deg. F. 
before being tested for bounce on a concrete bed. An 
optical gauging instrument, designed in the Dunlop 
research laboratories, is used to test the sphericity of 
the balls. 

Another department, marked o in Fig. 5, formerly 
the flight shed for the aircraft factory, is devoted to 
the manufacture of conveyor belting. Being 400 ft. 
by 200 ft. by 40 ft. in height, it is well suited for the 
installation of the large belt presses and provides the 
necessary headroom for two 20-ton overhead travel- 
ling cranes, supplied by the Wharton Crane and 
Hoist Company, Limited, Reddish, Stockport, which 
are required for transporting the belts from the presses 
to the curing plants. The presses, manufactured by 
Francis Shaw and Company, have platens 32 ft. by 
7 ft. and are operated by hydraulic pressure at 1,120 lb. 
per square inch. Each press exerts a total pressure of 
3,760 tons. 

Having surveyed the manufacturing processes and 
production machinery in broad outline, we now return 
to the main supply services of the factory, of which 
only a general description has been given for comparison 
with the original aircraft factory installations. The 
boiler-house, shown in Fig. 9, on page 621, is situated at 
p in Fig. 5; its proximity to the autoclaves i, and the 
tyre-shaping machines h, will be noted. Adjacent to 
the boiler-house are the coal bunkers g. The coal 
supplies are delivered by road in steel skips, unloaded 
and tipped by a crane, and elevated by a bucket con- 
veyor to the overhead bunkers. Of the six Babcock 
and Wilcox water-tube boilers, which supplied hot 
water for heating purposes on the Aquatherm system 
of the Carrier Engineering Company, Limited, the 
four which have been converted to steam-raising 
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provide a total of 90,000 lb. of steam per hour at a 
pressure of 200 lb. per square inch. In addition, one 
new Babcock and Wilcox boiler has been installed to 
supply 22,500 lb. of steam per hour, at the same 
pressure. The erection of this boiler was in progress 
when the photograph, Fig. 9, was taken. The remain- 
ing two boilers serve their original purpose of providing 
hot water for general use and for factory heating. All 
the boilers are equipped with Babcock and Wilcox 
chain-grate mechanical stokers for burning 1}-in. rough 
slack or opencast coal crushed to 1} in. before use, the 
fuel being delivered to the stokers through Lea coal 
meters. The feed water for the steam boilers is 
obtained from the Liverpool Corporation mains and is 
fed directly to the boilers, as it does not require any 
softening treatment. 

The water supply for the factory is drawn from the 
bore-wells, which provide a total of 75,000 gallons per 
hour. The original well contains a Sulzer submerged 
motor-driven pump, situated at a depth of 152 ft., 
which delivers 25,000 gallons per hour. The second 
well, which is 3-ft. bore and 400 ft. deep, has a pump 
supplied by the Pulsometer Engineering Company, 
Limited. This pump is located at a depth of 171 ft. 
and delivers 50,000 gallons per hour. The largest 
water requirement is for process cooling, and a feature 
of the circulating system is that the maximum cooling 
capacity is obtained from the wa‘er by recirculating 
it at least three times through tie various processes, 
the water at the lowest temperature being first supplied 
to those processes in‘which efficient cooling of the 
stock is most important. After a circuit of the first 
cooling system, the water returns by gravity to a 
collecting sump, from which it is pumped through 
the second circuit to return to a separate sump. The 
process is repeated for a third circuit through another 
system and on return the water is used either for 
flushing purposes or is run to waste, its temperature 
being then too high for further use in cooling. For 
the operation of the system, there are three concrete 
circulating-water tanks, each of 8,000 gallons capacity, 
and a 40,000-gallon cireulating-water storage tank on 
a 65-ft. tower, at r in Fig. 5. 

The three electrically-driven circulating pumps are 
installed in the pump house, situated at s in Fig. 5, 
and are shown in Fig. 10, opposite, which also shows 
part of a collecting sump with a Lea recording instru- 
ment installed above it. The pumps are of the centri- 
fugal type, manufactured by the Pulsometer Engin- 
eering Company, and are directly-coupled to motors 
supplied by the Electric Construction Company, 
Limited, Wolverhampton. The hydraulic-power pumps, 
at the northern end of the pump house, are illus- 
trated in Fig. 11, opposite, which shows two Glen- 
field and Kennedy and one Fielding and Platt medium- 
pressure and high-pressure triple-ram pumps. The 
complete installation consists of a low-pressure service 
with a capacity of 1,500 gallons per minute at 350 lb. per 
square inch, @ medium-pressure service of 120 gallons 
per minute at 1,100 lb. per square inch, and a high- 
pressure service of 300 gallons per minute at 2,240 lb. 
per square inch. The pumps # subs in Fig. 11 are for 
the medium and high pressures; the two multi-stage 
turbo pumps for the low-pressure service are to be seen 
to the right of Fig. 10. These, like the circulating 
pumps, were made by the Pulsometer Engineering Com- 
pany, and are driven by Electric Construction Company 
motors. 

The air-compressor plant, supplying low-pressure and 
high-pressure air, is situated in the compressor house 
at ¢ in Fig. 5. Low-pressure air, at 100 lb. per square 
inch, is supplied by six single-stage motor-driven com- 

ressors having a total capacity of 3,750 cub. ft. of 
a air per minute ; one was supplied by Broom and 
Wade, Limited, High Wycombe, three by Belliss and 
Morcom, Limited, Birmingham, and two by Reavell and 
Company, Limited, Ipswich. An additional compressor, 
with an output of 2,000 cub. ft. per minute, brings the 
total capacity, at 100 lb. per square inch pressure, up 
to 5,750 cub. ft. of free air na minute. The high- 
pressure air supply, at 350 lb. per square inch, is 
provided by two motor-driven compressors. One, 
a three-stage machine with a capacity of 1,000 cub. 
ft. per minute, was constructed by Messrs. Belliss and 
Morcom, and is driven by a 310-h.p. Crompton Parkin- 
son motor; the other machine, which has two stages 
and delivers 560 cub. ft. per minute, was made by 
Tilghman’s Air Compressor Company, and is driven 
by a 180-h.p. Crompton Parkinson motor. All the 
compressors are water-cooled. 

The main electric-power house is situated at 1 in 
Fig. 5, the 11,000-volt sub-station for the incoming 
supply at v, and the direct-current sub-station at w. Two 
Diesel-driven generators, each of 875 kW, which were 
supplied by the English Electric Company, Limited, 
and originally installed for stand-by purposes, are now 
used to full capacity to relieve the peak demand in 
conformity with the national policy of spreading the 
electrical load. In other respects, the electrical 
power equipment has been greatly enlarged. The con- 
sumption of alternating current at 11,000 volts has 





increased from 2,000 kVA to 15,000 kVA. Transformer 
capacity of 4,500 kVA at 5,000 volts has been provided ; 
and the transformer capacity at 400 volts has been 
increased from 8,400 kVA to 12,400 kVA. The original 
converters had a capacity of 78 kW, which has been 
increased to 2,000 kW, as previously mentioned, by 
the installation of ten mercury-arc rectifiers, manu- 
factured by the Electric Construction Company. These 
operate mainly at 500 volts, with a 250-volt balancer 
system incorporated. A general view of this equip- 
ment is shown in Fig. 12, opposite. The main offices 
are at x, in Fig. 5, and other departments of the factory 
consist of a solution shop at y, a department for the 
manufacture of precision components and saddles, at z, 
and a raw materials store, situated to the west of the 
area included in the plan. 





NOTES ON NEW BOOKS. 

Fundamental Principles and Applications of Inducti 

Heating. By “ Heat-Treater.” Chapman and Hall, 

Ltd., 37, Essex-street, London, W.C.2. [Price 

10s. 6d. net.] 
THERE is no suggestion in this book that it is of 
American origin ; it was printed, bound and published 
in England. That the anonymous author should have 
taken almost all his illustrations of the application of 
induction heating from American practice is natural, 
since the system as a shop method has developed to a 
much greater extent on the other side of the Atlantic 
than here. This, however, is no excuse for failing to 
relate data and method to British conditions. The 
reader is actually presented with a table showing the 
various frequencies to be obtained by using a rotary 
generator from 25-cycle and 60-cycle supply systems ; 
where he is to find these in Great Britain is not 
explained. The same type of criticism applies to the 
references to American steel standards. The most 
useful sections of this book are undoubtedly those 
dealing with the practical applications of induction 
heating. To indicate the scope and results obtainable 
with the method, information about the material con- 
cerned is essential and it would greatly have facilitated 
the use of this book by the class of reader to whom it is 
likely to be of most service if the constitution of the 
various steels, referred to British practice, had been 
stated. The treatment of fundamental principles is 
comparatively elementary, but should meet the needs 
of production engineers concerned with the use of the 
method and who may have to design heating coils for 
application to special work pieces. Clear illustrations 
of coil designs for the induction heating of workshop 
parts and for such special cases as the heat-treatment of 
gears, brazing carbide tips on tools, etc., form a valuable 
feature of the volume. The general review of American 
practice, which in effect this book is, indicates very 
extensive and varied application of the process extend- 
ing from the hardening of razor-blade strips, to the 
shrinking of tyres on railway wheels. The various 
types of induction-heating plant are described in 
general terms and for comparative purposes an account 
is given of alternative methods of surface hardening, 
such as pack carburising, nitriding and flame hardening. 
The particular advantages of induction hardening are 
naturally emphasised, particularly in connection with 
its speed of operation. 








Industrial Research, 1947. Dr. Percy DuNsHEATH, 
C.B.E., M.A., Advisory Editor. Published by Todd 
Reference Books, Limited, 49, Park-lane, London, 
W.1. Sole British distributors, Messrs. Geo. G. 
Harrap and Company, Limited, 182, High Holborn, 
London, W.C.1. [Price 25s. net.] 

THE preparation of a second edition of this year-book, 
which was very successful at its first appearance in 
1946, has afforded opportunities to introduce new 
matter, to revise the text and bring the various direc- 
tories up to date, and to arrange them more conveniently 
for reference. This year’s advisory editor, Dr. Dun- 
sheath, emphasises in his introduction the value of 
co-operation throughout the whole of technical industry, 
from the university scientist to the business man, and 
of the part played by the Federation of British Indus- 
tries in fostering appreciation of research services. 
Progress in industrial research is reviewed by Dr. 
B. J. A. Bard, head of the F.B.I. industrial research 
secretariat, who was also concerned in a report of the 
Federation which is embodied in a new section on 
industrial research in technical colleges. Other 
additions to last year’s volume are a directory of con- 
sultants, an appendix on grants available for industrial 
research, and a summary of the recommendations 
made by the Board of Trade Working Parties. Specific 
references to the results of recent researches in various 
branches of technology are fewer and briefer in this 
volume than in its predecessor, but in other directions 
the scope is similar and equally useful in giving a 
comprehensive and accurate statement of the resources 





in scientific research available throughout the country 
for public and industrial service. The increasing 
number of industrial research associations, and the long 
list of scientific books, periodicals and films that have 
become available during a single year, are indicative 
both of the continued growth of research and the need 
for every feasible means of utilising it to the full. It is 
in this respect particularly that this book fulfils a 
unique function. 


Elements of Radio. By Cuantes I. Hetiman. Second 
Edition. D. Van Nostrand Company, Incorporated, 
250, Fourth-avenue, New York 3, U.S.A. [Price 
2.50 dols.]; and Macmillan and Company, Limited, 
St. Martin’s-street, London, W.C.2. [Price l4s. net.] 


THE second edition of this book has added to the original 
of 1943 a short review of the properties of radar; but 
its scope might have been extended with advantage to 
the general reader, and without detriment to the 
student for whom the book aims to provide a complete 
first-year study course. It presents an exposition of 
the basic principles of broadcasting, telecommunication, 
and navigational position-finding so clearly expressed 
and illustrated that the reader whose knowledge of 
mathematics and electro-magnetism is slight may read 
with profit. He should find no difficulty in working 
the problems, for the author’s lucidity is of a high 
order. Historical and other background knowledge 
also receives consideration. 





“ Ratty”’: A History of the Ravenglass and Eskdale 
Railway. By W. McGowan Grapon, B.A. Pub- 
lished by the author at Pear Tree Cottage, Oldfield- 
lane, Altrincham, Cheshire. [Price 8s. 6d. net.] 

THE attention to detail which characterised Mr. 

Gradon’s book on the Furness Railway, reviewed on 

page 533 of our 162nd volume (1946), is well in evidence 

in this little volume on the Ravenglass and Eskdale 

Railway. Though the field is necessarily more limited 

by reason of the smaller size and lesser importance of its 

subject, the narrative is not lacking in interest, both 
to the public who have used the line and to those who 
have operated or who contemplate operating narrow- 
gauge railways. The history falls naturally into two 
portions, as the line was of 3-ft. gauge from 1875 to 

1912 and, after lying derelict for three years, was 

reconstructed to 15-in. gauge. It appears that ‘“ Owd 

Ratty ” is the local nickname for the 3-ft. railway and 

“‘ Laal Ratty,” that of the reconstructed system ; but 

nowhere does the author explain the origin of the term 

“‘Ratty.” The appeal of the book to the public in 

general might be improved by the omission of the 

word from the title, and the text might read more 
smoothly, perhaps, if less liberally sprinkled with it, 

There should be opportunities to correct the few errors, 

and possibly to reconsider the title, in subsequent 

editions, for the book should enjoy a fairly steady sale 
among users of the line. 





A Practical Theory of Mechanisms. By Pav Grop- 
zinskI, A.M.I.Mech.E. Emmott and Company, 
Limited, 31, King-street West, Manchester, 3. 
[Price 7s. 6d. net.] 

Tue object of this small book—originally published in 

the form of a series of articles in The Mechanical World 

—is to explain the basic principles of mechanisms, and 

their application in the construction and operation of 

machines. The treatment is, therefore, almost entirely 
descriptive, and the reader will find none of those 


- | problems in kinetics and kinematics which are a usual 


feature of the orthodox theory of machines, the author 
being of the opinion that, while these problems may 
be of some importance in the design and development 
of correctly working mechanisms, they should only be 
considered after the basic conception of the mechanism 
is clear. The only work of a mathematical character, 
in fact, is a brief explanation of methods for determining 
speed ratios in connection with gearing. Basic 
mechanism characteristics are described in the intro- 
ductory chapter and subsequent chapters deal with the 

ractical application of screw mechanisms, the four-bar 
fink and its derived mechanisms, cams, gear trains, 
belt and fluid drives, and ratchet devices. Conditions 
for form restraint in mechanisms are described in an 
appendix. The reader will not gain much information 
from the very brief reference to the fluid coupling, 
shown in Fig. 7 in the opening-chapter, and it is unfor- 
tunate that no further reference to this important 
device appears later in the book, under the heading of 
fluid drives. Numerous —— illustrate the basic 
types of mechanisms and their applications, but, in 
some cases, the diagrams are too small to be clear. 
The book should prove a convenient source of reference 
for draughtsmen and others engaged in the application 
and design of mechanisms for a specific purpose, but 
its usefulness to students is somewhat restricted by the 
absence of numerical examples. 
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HYDRAULIC APPARATUS. 


589,388. Hydraulic Motor. Duke and Ockenden, 
Limited, of Littlehampton, Sussex, and A. D. Stubbs, of 
Rustington, Sussex. (5 Figs.) May 26, 1944.—This 
invention relates to hydraulic motors of the reciprocating 
type, its main object being to provide a motor whereby 
positive double-action reciprocating motion may be 
obtained by the application of fluid pressure. The 
stationary piston a is coupled to the inlet pipe J, through 
which the hydraulic fluid is applied. Two valve ports 
(not shown) set at 180 deg., convey the working fluid 
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to the central chamber in which the master valve g 
operates. The centre of the lower face of the stationary 
piston is bored and screwed at its lower end to take the 
exhaust pipe ¢, this opening terminating also in two ports 
(not shown) set at 180 deg., these ports conveying exhaust 
fluid from the central chamber to exhaust. Above the 
recess for the exhaust pipe, the stationary piston accom- 
modates firstly, a plug, secondly, the piston A of the 
master valve, thirdly a gland-sealed plug through which 
the piston rod operates, and fourthly the master valve g. 
At 90 deg. to the inlet and exhaust ports above mentioned 
are two further pairs of ports. Two of these further 
ports communicate with the upper part of the sta- 
tionary piston face and connect to the upper portion 
of the master-valve chamber. The other two com- 
municate with the lower face of the stationary piston 
and connect to the lower portion of the master-valve 
chamber. A port drilled radially betw the st 





valve chamber and the hole in which the power member j 
slides, admits working fluid into the centre of this tubular 


member. 


- | main chamber 13 and a small chamber 14 separated from 


access to the upper face of the master valve piston h 
through asimilar drilled radial port, so causing the master 
valve g to be forced downwards. The underside of the 
master-valve piston h, is open to a drilled port on the left 
side of the main piston, this port communicating with 
the centre of the exhaust member j so that the exhaust 
fluid from the master-valve piston is released through a 
further port drilled in the main piston to the under-side of 
the master valve g, whence it escapes to the main exhaust 
tube e. The depression of the tubular members j at the 
conclusion of the working stroke changes over the 
position of the openings in those members to the opposite 
faces of the master-valve piston A, so causing the master 
valve g to ascend. This slide and master valve arrange- 
ment has the advantage that the master valve is posi- 
tively held in position by the piston A by differential 
hydraulic pressure, and that if the slide valves have 
moved through only a portion of their stroke at the 
moment that the working fluid is cut off, the radial ports 
giving access to the faces of piston h are all sealed, so 
ensuring that the motor is at all times self starting. 
(Accepted June 19, 1947.) 


STEAM ENGINES, BOILERS, ETC. 


589,680. Steam De-superheating Apparatus. The 
Superheater Company, Limited, of Altrincham, Chester, 
and R.G.C. Richardson, of Altrincham, Chester. (2 Figs.) 
March 15, 1945.—This invention relates to steam de- 
superheating apparatus for use in marine boilers of the 
Scotch smoke-tube type. The objects of the invention are 
to afford ease of assembly and a low pressure drop in the 
steam. Headers 1 and 2 are mounted in the steam space 
of the boiler one above the other on girders 3 secured by 
clips 4 to stays 5 of the boiler, the headers extending along 
the length of the boiler and being placed centrally above 
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the centre nest of smoke tubes 6. Smoke tubes 7, 7 are 
in the wing nests. The headers 1, 2 are of rectangular 
section, and are secured to one another by straps, the 
lower header 2 bing fixed by angle brackets 8 to the 
girders 3. Further to secure the headers in position, the 
upper header is anchored by straps 9 to boiler stays 10. 
Connected to one end of the superheated-steam inlet 
header 1 is the steam-inlet pipe 11. To the opposite end 
of the outlet header 2 is connected the de-superheated 
steam pipe 12, the respective headers being closed at the 
ends remote from the pipes. The header 2 has a single 
chamber extending from end to end of it, and where 
steam at one temperature only is required, the header 1 
also has a single chamber only, but where, as shown, 
the apparatus is adapted to provide supplies of steam 
at two different temperatures, the header 1 consists of a 





the chamber 13 by a partition. A steam-outlet pipe 16 
leads from the compartment 14. De-superheating ele- 





The working fluid descends the tube, having 





with their ends in communication with the chambers 
therein through apertures (not shown) in the respective 
side walls. The elements are of the U-loop type, and 
their loops pass down into the water spaces between the 
centre nest of smoke tubes 6 and wing nests 7. The 
majority of these elements, which constitute the main 
section of the de-superheater consist of a single loop of 
tubing. In addition to the single loop elements 17, four 
secondary elements 18 are provided, each consisting of 
two loops of tubing in series, these elements 18 having 
their outlet ends connected to header 1 in communication 
with the small compartment 14. The steam inlet and 
outlet connections 11, 12 and 16, to and from the headers 
1, 2, lead through the boiler shell. The de-superheating 
apparatus provides a main supply of steam at a predeter- 
mined high temperature and low pressure drop required 
for propulsion purposes, and a supply of steam at a low 
temperature requisite for auxiliaries. Steam entering 
by the pipe 11 flows from the chamber 13 in header 1 
through the primary elements 17 into header 2, and that 
required for propulsion is withdrawn by the pipe 12. 
The remainder of the steam in header 2 flows through the 
secondary elements 18, in which it is further de-super- 
heated, into the small compartment 14 of header 1 and 
thence through pipe 16 to the steam main for the 


auxiliaries. (Accepted June 26, 1947.) 
MISCELLANEOUS. 
590,111. Bottle-Capping Machine. Graham-Enock 


Manufacturing Company, Limited, of London, and A. 
Graham-Enock, of London. (1 Fig.) March 28, 1944.— 
This invention is a capping machine whereby a metal- 
foil closure element is delivered from a stack and fed 
edgeways to the capping head where it is applied to the 
bottle. The closure discs are preformed with corruga- 
tions which impart rigidity to them so that they may 
be stacked in the magazine adjacent to the capping 
head and delivered from the bottom of the stack. The 
capping head 13 is provided with a magazine 14 to 
receive a carton 8 in which preformed corrugated metal 
discs are stacked. The corrugations of adjacent discs 
differ in character to prevent adhesion. A reciprocating 
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feeding slide 15 is carried upon a support 16 having a 
tapered aperture 17 beneath the capping head to guide 
the bottle 20, and having a centralising recess 18 for 
receiving a closure disc. At the base of the magazine 14, 
a double-finger feeding device separates the discs and 
delivers them to the slide 15, which pushes them into the 
recess 18inthesupport16. The capping head Is actuated 
by a vertical upward movement of the bottle 20, and is 
provided with a spring-pressed clamp 21 to engage the 
closure disc as it seats upon the bottle. Surrounding the 
clamp 21 is asealing sleeve 22 of rubber, which is distorted 
inwards by toggle mechanism 23 to engage the margin 
of the closure disc and press it firmly on to the head of the 
bottle. A pleating ring 25 deals with the excess material 
in the peripheral margin of the closure disc. (Accepted 





ments 17, 18, are attached at each side to the headers 1, 2 
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SELF-PRIMING CENTRIFUGAL PUMPS 
for 


CIVIL ENGINEERING CONTRACTORS 
AND 
FOR FACE, INBYE, DRIFT AND 
GENERAL DRAINAGE PURPOSES 
IN COAL MINES 
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* f STRIPPED FOR ACTION! 


Barimar Scientific Welders short-circuit 
vital national hold-up 


‘STRIPPED FOR ACTION”’ is the nation’s mood in these hours of swift-moving drama. 
‘STRIPPED TOR ACTION” at all hours is Barimar, when men and machines are driven 
hard, and the toughest metal cracks under the strain. 


There never was a time when demands upon high-speed emergency welding were more 


insistent Never a time when industrialists and engineers were more aware of, and grateful 
for, the prompt, perfect, dependable welding services of Barimar 


This 60 in. Boring Millis the latest example of an emergency 
welding service without a peer. 









\ large vertical flange at the top of the machine 
was broken, and two cross slides 13 tons apiece 





badlv damaged The main casting weighed ovet 
6 tons 
This clearly was a job for Specialist Welders. Could Barimar Welding repair the injury Barimar 
ould —and did. Their experts, after examining the damage minutely, knew the best way to make 
the job stronger than ever, and ensure perfect alignment of main casting and slides a sine qua non—and, incidentally, the 


Barimar hall-mark of a repair well done 


In just over a week the work was finished, the mill operating 
better than ever. 





Barimar’s other name is “ Emergency Welders.” Day or night, a ‘phone 
call to RENown 2147/8 brings prompt. knowledgeable. expert advice on 
machinery breakdowns—however serious and apparently “irreparable.” 
Barimar Scientific Welding saves time, trouble, and the expense of new 
castings. Every repairis covered by the famous ** Money-back * Guarantee 


BARIMA Barimar House, 22-24, Peterborough Road, 
ae FULHAM, LONDON, S.W.6 
Telephones : RENown 2147-2143. Night 2148. Telegrams: “ Bariquamar, Walgreen, London.’’ 
BROKEN PARTS sent by Rail or Road must be CARRIAGE PAID. Post letter of instructions 
BIRMINGHAM 12: 116-117, Charles Henry St ‘Phone: Midland 2696. MANCHESTER 13: 67, Brunswick St., 


Ardwick Green. ‘Phone Ardwick 2738. NEWCASTLE UPON TYNE 1: 31, The Close. ‘Phone : 21055 
GLASGOW C2: 134, West George Lane. ‘Phone : Central 4709 



































THE WORLD’S SCIENTIFIC WELDERS 
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MPRESSORS:. PNEUMATIC TOOLS 


USED BY ENGINEERS THE WORLD OVER > RENOWNED FOR RELIABILITY & EFFICIENCY 













err, CEORCE RUSSELL & Co. Lr... MOTHERWELL 


eS ESTO. "ati" SORES TS 1865 


wow . . 

pra tg ENQUIRIES SOLICITED. FOR CRANES . a 

HAND CRANE a. as) 4 a eee, | oe ae) - Fe =F 
- _ ENGINEERING & STRUCTURAL WORK pt ne SB : 
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1. Cut shank 

to length ee 
and grind H 

face to suit 


tip. 








4. Place in pre- 


EE 
q 
heating _cham- 


~ a & STALWELD 
Perm Jf | cor © nail 


7a process - 
Sf 

temperature SS —4 ‘ 

oe FOR FIXING HIGH ‘SPEED STEEL 
¢ TIPS. (INCLUDING MOLYBDENUM 


| SUBSTITUTES) TO STEEL SHANKS. 


2. Sprinkle a layer 
of STALWELD 
powder, about 
& in. thick on the 
top of shank. 


3. Place high speed 
steel tip on STALWELD 
518 powder and . « « « « 


melting then 
press tip 
firmlytoshank. 


RE AIT I TORT TN 


_ THE CEMENTATION CO LT 


_ BENTLEY WORKS Ag) No 54177 | 


6. Take out and immerse 
in oil for hardening. 
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We now look forward to the salvation of our own country by trade, by export, 
and last but not least by courage. Wellington tubes are playing their part, as 
they did during the war years, in backing Britain’s recovery. Our 70 years ex- 
perience in the multiple uses of Iron and Steel Tubes is always at your disposal. 


THE STEEL TUBE PEOPLE 













Criticising the perverse actions 

of the Portuguese Regency, 
Wellington said—‘‘ They could 
not see things in the same light 
as I did; they were naturally 
looking to the salvation of their 
own Country.” 
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